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THE M6800 MICROCOMPUTER SYSTEM 



The Motorola approach to practical microprocessor sys- 
tem implementation consists of: 

• An interactive family of LSI semiconductor components 
with which to build microcomputer-based systems; 

• A pervasive complement of design and evaluation tools; 

• A growing line of peripheral equipment; 

• An extensive library of functional and diagnostic 
software. 

This oomprehensive combination of hardware and 
software is augmented by a series of technical information 

manuals, a continuing program of customer training 
courses, and a team of systems application engineers that 
facilitate design and implementation of M6800-based sys- 
tems. 

MeSOO SEMICONDUCTOR COMPONENTS 

The semiconductor components for the M6800 System 
are described in the following pages. Specific features of 
an M6800-based microcomputer design include: 

• Single + 5 volt power supply for system design simplicity 
and low cost 

• Easily expandable architecture 

• Repertoire of 72 powerful, variable-length instructions 

• Three-state bus controls for maximum system flexibility 

• Microcomputer family concept employing dynamically 
programmable/ bus compatible I/O functions 

• 65K bytes of address capability 

• High throughput, with clock rates to 1 MHz 

M6800 DESIGN AND EVALUATION TOOLS 

EXORciser 

The EXORciser is a hardware/ software design, evalua- 
tion and diagnostic instrument. With its three basic mod- 
. ules, plus one or more of a series of optionally av^lable 
plug-in accessory modules, it permits rapid emulation of 
any M6800-based microcomputer design. Built-in firmware 
(EXbug) allows the user to evaluate the performance of his 
software, the M6800 components, or the user's random 
logic designs. The EXORciser also provides the nucleus of 
a cost-effective system for development and debugging of 
M6800 software. 

EvaKiation Module 

The Evaluation Module provides a basic microcomputer 

built from M6800 components and board-mounted for con- 
venient utilization. Each card contains all necessary com- 
ponents, except power supply, for the functional evaluation 
of M6800 components and permits running of user test 
programs via the bootstrap firmware designed into the unit. 

M6800 Design Evaluation Kit 

This kit provides the user a very economical entry into 
the emerging world of microcomputers. When assembled 
onto the printed circuit board, the kit provides an operating 
microcomputer complete with a simple but powerful termi- 
nal operating system in firmware. The kit allows the user 
with limited funds to "bootstrap" himself up the learning 
curve of microcomputer applications. 

M6800 PERIPHERAL EQUIPMENT 

Trademarked EXORdisk and EXORtape, these two 
powerful peripherals are designed specifically for use in 
conjunction with the M6800 EXORciser. The versatile 
floppy disk (EXORdisk) is available with one to four disk 
drives and contains 256,256 bytes per diskette. The high- 
speed paper-tape reader (EXORtape) loads up to 250 
characters per second into the EXORciser. This is 25 times 
faster than a standard ASR-33 teletype. 



M6800 SUPPORT SOFTWARE 

Support Software for the M6800 is available in three 
forms to assist the user in generating the specific programs 
he ultimately wishes to implement with his M6800 system 
design: 

Resident Software — designed to work in conjunction 
with the EXORciser to permit real-time development of 
system software in an emulated final microcomputer sys- 
tem. Provides the lowest program development cost where 
several M6800 microcomputer designs are contemplated 
over a period of time. 

Time-Sharing System — provides a software package 
that permits immediate utilization of a variety of national 
and international time-share computers for development of 
the M6800 program. Recommended where maximum 
capability at low initial cost is required. 

In-House Computer System — basic programs that per- 
mit M6800 system program development on in-house 
computers having FORTRAN IV capability and upward of 
25K words of memory. Recommended for companies 
which are simultaneously running many large M6800 pro- 
jects. 

M6800 SUPPORT LITERATURE 

Key support documents which supplement the inte- 
grated circuit data sheets in this brochure include the fol- 
lowing: 

M6800 Microprocessor Applications Manual — a com- 
prehensive 71 4-page manual describing in detail the oper- 
ation and applications of the M6800 Family of microcompu- 
ter building blocks. Included are system organization, pro- 
gramming techniques, I/O and peripheral control 
techniques, family hardware characteristics, and system 
design and development. ($25.00) 

M6800 Programming Manual — a detailed 300-page 
guide defining the specific hardware and software proper- 
ties of the MC6800 Microprocessor, and showing how to 
control the execution of its programmable instructions. Ac- 
tual program examples are used to show how to build 
sequences and subroutines that perform useful (and often 
complex) functions. ($10.00) 

M6800 Support Products Brochur» — description and 
data on the design and evaluation hardware, Vhe peripheral 
equipment, and the software and firmware used with the 

M6800 Microprocessor system. (Available May 1976) 

Support Software Brochures — a series of 6-page 
documents providing sample programs and editing fea- 
tures for use with the following support hardware and 
timesharing systems: 
M6800 EXORciser 

GE (General Electric Information Services International 

Network) 

GE Background (Remote batch processing) 
PDP-11 (Digital Equipment Corporation computers) 
UGS (United Computing's Multiple Access Remote 
Computing Service) 
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THE MGSOO MICROCOMPUTER FAMILY 



INTRODUCTION 

The M6800 family of parts has been designed to set the 
standard for microcomputer system architectures. One of 
the initial goals was to minimize the number of required 
components and support packages. This was accom- 
plished by designing the MC6800 Microprocessor with the 
total system problem in mind. All microprocessor systems 
require some form of static or dynamic memory. This re- 
requirement was fulfilled by the 1024 x 8-bit ROM 
(MCM6830AL) and the 128 x 8-Wt RAM (MCM6810AL). 
The need for specialized data transfer functions was 
realized early, which lead to the Peripheral Interface 
Adapter (MC6820) as well as several others which are in 
various design stages. The M6800 system is attractive to 
the system user because these peripheral parts appear to 
the microprocessor as simply memory locations on the 
address and data bus. They are completely programmable 
from the bus and their real time status is available through 
the bus. This architecture accomplished several things at 
the system level. First, it simplified the interface between 
memory and peripheral parts and, second, it eliminated the 
use for I/O instructions; both of these features increase 
system throughput. 

Other attractive features of the M6800 family are that the 
output buffers are capable of driving standard TTL and only 
one power supply is required (+5 volts). The Vgg power 
supply required by most MOS designs has been elimi- 
nated. This means the M6800 family can directly interface 
with standard TTL logic without the need for additional 
power supplies. 

The intent of this specification is to define in detail the 
M6800 system architecture. This includes defining a mini- 



mum system and discussing requirements of complex sys- 
tems. It also includes a discussion of the static and dynamic 
interaction between the microprocessor, memories and 
peripherals. This leads to static and dynamic specifications 
on the M6800 data bus and address bus. Further, it in- 
cludes a discussion and specification of the microproces- 
sor clocks and how they interact with the system and a 
definition of the microprocessor control lines such as 
Three-State Control, Halt, Normal Interrupt, Non-Maskable 
Interrupt and how they are implemented in a system envi- 
ronment. And finally, it includes a description of what oc- 
curs on the circuit interfaces during instruction execution. 

SYSTEM COMPONENT DESCRIPTIONS 

Before discussing the M6800 system, a general descrip- 
tion of the MC6800 microprocessor, the 1 024 x 8-bit ROM, 
the 128 X 8-bit RAM, the PIA and the AGIA is needed, as 
well as a detailed description of the microprocessor and 
peripheral input/output lines. ■ 

MC6800 Microprocessor General Description 

A symbolic diagram of the microprocessor and its 
input/output is shown in Figure 1. The processor is a 
bi-directional, bus-oriented, 8-bit parallel machine with 16 
btts of address. For most systems, depending on inter- 
connection capacitance, the processor is capable of di- 
rectly interfacing with eight peripheral parts and one TTL 
load on the same bus at a 1 MHz minor cycle clock rate. For 
systems requiring additional peripheral parts, a Data Bus 
Extender (BEX) Is ava;Hable. 

The processor has two 8-bit accumulators which are 
used to hold operands and results from the Arithmetic 
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Logic Unit (ALU). The 1 6-bit index register stores 1 6 bits of 
memory address for the index mode of memory address- 
ing. The stacl< pointer is a two byte (8 bits/ byte) register 
that contains the address of the next available location in 
an external push-down/ pop-up stack. This stack is nor- 
mally a random access read/write memory that may have 
any location (address) that is convenient. In those applica- 
tions that require storage of information in the stack when 
power is lost, the stack must be non-volatile. The program 
counter Is a 16-blt register that contains the program ad- 
dress. And finally, a condition code register (flag register) 
contains six bits of condition codes. The condition codes 
indicate the results of an ALU operation: Negative (N), Zero 
(Z), Overflow (V), Carry from bit 7 (C), and Half carry from 
bit 3 (H). These bits of the Condition Code Register are 
used as testable conditions for the conditional branch in- 
structions. Bit 4 is the interrupt mask bit (I). The unused bits 
of the Condition Code Register (B6, B7) are always ones. 

The minimum instruction execution time is 2 microsec- 
onds. Processor control lines include Reset, which au- 
tomatically restarts the processor, as well as Interrupt Re- 
quest and Non-Maskable Interrupt to monitor peripheral 
status. Finally, there is a Three-State Control, Data Bus 
Enable and a Halt control line which can be used for Direct 
Memory Access (DMA) or multiprocessing. 

MCM6810A 128 X 8-Bit RAM General [Ascription 

The RAM is a static memory which interfaces directly to 
the MC6800 microprocessor. The RAM is organized in an 
8-bit byte fashion. 

The RAM has six Chip Select inputs, four active low and 
two active high, which interface directly to the address bus. 

The RAM bus interface shown in Figure 2 demonstrates 
the simplicity of interface in the M6800 system. Since all 
M6800 components operate at the same TTL levels and 
with the same drive capability, the data, address, and con- 
trol lines can be interconnected without adding external 
TTL buffers. Memory timing specifications have been set to 
permit simple operation at full speed with the microproces- 
sor. 

Four of the Chip Selects of the MCM6810A are used to 
decode the system address lines. In small and medinfn 



sized systems, this address decoding will be sufficient to 
distinguish all packages in the system without using any 
additional address decoding paciog^. 

MCM6830A 1 024 x 8-Bit ROM General Description 

The 8K ROM is a static memory which also interfaces 
directly to the MC6800 microprocessor. The output drivers 

are level compatible with the MC6800 family. The ROM is 
organized in an 8-bit byte fashion similar to the RAM. It has 
ten Address lines and four Chip Selects. 

The ROM bus interface (Figure 3) is as straightfonward 
as that of the RAM. All outputs maybe connected directly to 
the data bus without drivers. 

Three Chip Selects (mask programmable) on the 
MCM6830A are used to provide address decoding in the 
system, in many systems, the decoding possible with these 
lines will be sufficient to distinguish the ROM. 



FIGURE 3- MCM^aOA ROM BUS INTERFACE 
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MC6820 Peripheral Interface Adapter (PIA) 
General Description 

The MC6820 Peripheral Interface Adapter provides a 
universal means of interfacing peripheral equipment to the 
MC6800 Microprocessor through two 8-bit bi-directional 
peripheral data buses and four control lines. No external 
logic is required for interfacing to many peripheral devices. 

The functional configuration of the PIA is programmed by 
the microprocessor during system initialization. Each of the 
peripheral data lines can be programmed to act as an input 
or output, and each of the four control/ interrupt lines may 
be programmed for one of several control modes. This 
allows a high degree of flexibility in the overall operation of 
the interface. 

Figure 4 shows the PIA system interface lines — the 
Data Bus lines D0-D7, Chip Selects CSO, CS1 and CS2, 
R/ W, Enable E, the Register Selects RSO and R S1 , Reset, 
and the Interrupt Request lines IRQA and IRQB. The Data 
Bus lines, Chip Selects, Read/Write and Enable have the 
same static and dynamic characteristics as the other 
peripherals in the M6800 system. 



FIGURE 4 - IMC6820 PIA BUS INTERFACE 



V 



DO • 

D1 ■ 

D2 ■ 

D3 ■ 

D4 ■ 

D5 ■ 

D6 ■ 

D7 • 

RSO ■ 
RSI ■ 
CSO 



CS2 
(VMA)CSI ■ 



R/W- 



Data Address Bus 
Bus Bus Contt'oJ 



R ESET - 
IRQA 
IRQB 
+5 V- 
Gnd- 



-CAl'l A 
_CA2/ Controls 



A Data 



Data Direction Reg A 



Control Rag A 




B Data 



Data Direction Reg B 



Control Reg B 



-PA6 
-iPA7 



-PBO 
-PBl 
-PB2 
-PB3 
-PB4 
.PB5 
-PB6 
-PB7 



B 
Data 
I nterf ace 



-CB2 1 
-CB1 I 



B Controls 



The Reset line is used to initialize the PIA. The Register 
Select lines RSO and RSI serve the same purpose in the 
PIA as address lines do in memory. They address the 
control and status registers, thereby making the PIA look 
like memory to the microprocessor. 

MC6850 Asynchronous Communications Interface 
Adapter (ACIA) General Description 

The MC6850 Asynchronous Communications Interface 
Adapter provides the data formatting and control to inter- 
face serial asynchronous data communications informa- 
tion to the MC6800 Microprocessor. 

The parallel data of the bus system is serially transmitted 
and received (full-duplex) by the asynchronous data inter- 
face, with proper formatting and error checking. The func- 
tional configuration of the ACIA is programmed via the data 
bus during system initialization. A programmable Control 
Register provides variable word lengths, clock division 
ratios, transmit control, receive control, and interrupt con- 
trol. Three I/O lines are provided to control external 
peripherals or modems. A Status Register is available to 



the processor, and reflects the current status of the trans- 
mitter and receiver. 

Figure 5 shows the ACIA system interface lines — th e 
Data Bus lines D0-D7, Chip Selects CSO, CS1 and CS2, 
Read/Write, the Enable E,th e Register Select RS, and the 
interrupt request output IRQ. 

Other Peripherals 

Other peripheral functions are at various stages of defini- 
tion and design. All of these peripherals will be designed 
with the M6800 system concept in mind so that the same 
hi£^ degree of flexibility and comps^ility is maintained. 

MICROPROCESSOR INTERFACE LINES 

The microprocessor input/output is broken into three 
groups: the bus interface lines, the bus control lines and the 
processor contl'ol lines. Description of bus interface and 
bus control lines are covered here. A description of the 
MRU control lines such as Halt and Data Bus Enable are 
covered later. 



FIGURE 5 -MC6850 
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Microprocessor Address Bus Lines (A0-A15) 

Sixteen pins are used for the address bus. The outputs 
are three-state bus drivers. When the output Is turned off, it 
is essentially an open circuit. This permits the MPU to be 
used in DMA applications. Putting TSC in its liigh state 
forces the address bus and R/W lines to go into the three- 
state mode. 

iMicroprocessor Data Bus Lines (D0-D7) 

Eight pins are used for the data bus. It Is bi-directional, 
transferring data to and from the memory and peripheral 
devices. The three-state drivers can be put into the three- 
state mode by forcing DBE low. 

Microprocessor Ciocit inputs 
Phase One and Phase Two ((^1, <^2) 

Two pins are used for a two-phase non-overlapping 
clock. 

Microprocessor Read/Write Line (R/W) 

The Read/Write line is an output which signals the 
peripheral and memory devices whether the MPU is in a 
Read (high) or Write (low) state. The normal standby state 
of this signal is Read (high). Three-State Control going high 
will turn Read/Write to the high Impedance state. Also, 
when the processor is halted, it will be in the high imped- 
ance state. 

Microprocessor Valid Memory Address Line (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this 
signal should be utilized for enabling the RAM and 
peripheral interfaces such as the PIA and ACIA. This signal 
is active high. The output buffer is not three-state. 

Microprocessor interrupt Request Line (iRQ) 

This level-sensitive input requests that an in terru pt 
sequence be generated within the machine when IRQ is 
low (Figure 13). The processor will wait until It completes 
the current instruction that is being executed before It rec- 
ognizes the request. At that time, if the interrupt mask bit in 
the Condition Code Register is not set, the machine will 
begin an Interrupt sequence. The contents of the Index 
Register, Program Counter, Accumulators, and Condition 
Code Register are stored away on the stack and the inter- 
rupt mask bit is set so no further interrupts may occur. At 
the end of the cycle, a 1 6-bit address will be placed on the 
address bus that points to a vectoring address which Is 
located In memory locations FFF8 and FFF9. An address 
loaded at these locations causes the MPU to jump to an 
interrupt routine in memory. 

The Halt line must be in the high state for interrupts to be 
serviced; Interrupts will be latched internally while Halt Is 
low. The wire-OR capability of the IRQ input requires a 3 k 
ohm minimum external resistor to Vcc. 

PERIPHERAL AND MEMORY il4TERFACE LINES 

The peripheral and memory interface lines are the Data 
Bus D0-D7, the Address inputs, the Register Selects 
RS0-RS1, Ch ip Selects, R/W, the Enable E and Inten-upt 
Request (IRQ). A description of these follows. 

Data Bus (D0-D7) 

The peripheral Data Bus lines are bi-directional and cap- 
able of transferring data to and from the processor and 
peripheral devices. The drivers are three-state input-output 
buffers. 



Address Inputs (A0-A15) 

Sixteen Address lines are available for addressing 
peripherals and memories. Seven are used for addressing 
the internal locations of the RAM and ten are used for 
addressing internal locations of the ROM. The address 
inputs are high impedance. 

Register Selects (RS0-RS1) 

Register Select inputs on the peripherals such as the PIA 
and the ACIA are analogous to the Address inputs of the 
RAM and ROM. Bus address lines are tied directly to the 
Register Select inputs, in a minimum system configuration. 

There are six locations within the PIA accessible to the 
microprocessor data bus: two Peripheral Registers, two 
Data Direction Registers, and two Control Registers. 
Selection of these locations Is controlled by the RSO and 
RSI inputs together with CRA-2/CRB-2 in the Control 
Register, as shown in Table 1 . 

TABLE 1 - PIA IIMTERNAL ADDRESSING 







Control 
Register Bit 






RSO 


CRA-2 


CRB-2 










1 


X 


Peripheral Register A 











X 


Data Direction Register A 





1 


X 


X 


Control Register A 


1 





X 


1 


Peripheral Registe' B 


1 





X 





Data Direction Register B 


1 


1 


X 


X 


Control Register B 



C = Don't Care 

For a functional description of these registers, see the 
MC6820 PIA data sheet. 

The Register Select input (RS) performs a somewhat 
different function in the ACIA than In the PIA. The state of 
RS in the ACIA in conjunction with R/W determines which 
of four registers will be read by the microprocessor or 
written into by the microprocessor, as shown in Tat)le 2: 

TABLE 2 - ACIA IIMTERNAL ADDRESSING 



Control Register 



Status Register 



Receive Data Register 



Transmit Data Register 



For a functional description of these registers, see the 
MC6850 ACIA data sheet. 

Chip Selects (CS0-CS5) 

Chip Selects on the peripheral and memory devices are 
used to distinguish one device from another. The number 
of Chip Selects available varies from three on the PIA to six 
on the RAM. The Chip Selects may tie directly to the 
microprocessor address bus and VMA line in a minimum 
system configuration. They are high impedance inputs. 
The peripheral devices are enabled by various combina- 
tions of "true" and "not true" Chip Selects. 

Read/Write (R/W) 

The Read/ Write is a high impedance input which is used 
to control the direction of data flow through the processor 
data bus interface. When R/ W is high (MPU read cycle) 



the peripheral data bus drivers are turned on and the se- 
lected location Is read. When R/ W Is low the data bus 
drivers are turned off and the MPU writes into the selected 
location. 

Enable (E) 

The Enable input E is the peripheral enable signal. The E 
Input is a high impedance input which enables the 
peripheral output data buffers. One of the Chip Selects is 
used for the E enable on the RAM and ROM. 



Peripheral Interrupt Request (IRQA and IRQB) 

The only difference between the special function 
peripherals (the ACIA and PIA) and memories from a sys- 
tenn input/ output pin consideration is that the peripheral 
parts have interrupt outputs which are used as arequestfor 
se rvicin g. 

IRQA and IRQB from the PIA are OR tied to the system 
IRQ line. Since the PIA may be used to detect incoming 
interrupt signals on any of its control lines, this connection 
must be made in ord er to initiate the interrupt sequence at 
the processor. The IRQ will be pulled down by the PIA 
following detection of an active transition on any control line 
which has been enabled as a system interrupt. IRQ will be 
held low unVI the interrupt is serviced. Thus no interrupts 
will be lost to the system even if the interrupt mask is set at 
the processor. 

The ACIA interrupts the microprocessor under condi- 
tions that differ from those described for the PIA. Assuming 
ttie ACIA transmitter and receiver interrupts are enabled by 
bits in the control register, the ACIA will interrupt the MPU if 
the transmitter data register is empty, the receiver data 
register is full or if the Data Carrier Detect input goes high 
indicating a loss of the Modem carrier. 



STATIC AND DYNAMIC CHARACTERISTICS 

Now that the microprocessor family interface has been 
defined. It is necessary to define the static and dynamic 
characteristics. Also, the microprocessor clocks, maximum 
ratings, power supply tolerances, temperature ranges, and 
test conditions will be defined. After these definitions are 
complete one will be able to put together a system and 
discuss interaction. 

Static Specifications 

Table 3 shows the static specifications covering the mi- 
croprocessor and peripherals. The table specifies clock 
levels, output levels, leakages, and capacitance in one 
table, making all the static information available for easy 
use. 

Dynamic Properties of the Data and Address Bus 

Figure 6 and Table 4 show the dynamic characteristics of 
the Data and Address Bus interface. Address, Chip Selects 
R/ W and VMA are all valid at tAS (address setup time). The 
microprocessor then puts the address out at tAD (address 

delay time). 

The read access time tACC = tAS + tODR, with tDDR being 
the read data delay time. The peripheral data setup time is 
specified by tosw. The processor then puts data out at tODW 
(write data delay time). Hold time fof Data Bus transfers is 
specified by tH. 

The in terrupt request release time is tiR. The Interrupt 
Request output driver in the peripheral parts is an open 
drain device. A pull up resistor is required on the IRQ line. In 
a minimum system, the op en d rain devices are all tied 
together and then tied to the IRQ input of the microproces- 
sor^ An interrupt is sensed by ttie microprocessor when 
IRQ is low. 



TABLE 3 - STATIC CHARACTERISTICS (Vcc = 5.0 V ± 5%, Vgg = 0, Ta = to 70° C unless otherwise noted.) 















Input High Voltage — All Inputs except MPU 01 and 02 

MPU 01 and 02 


VlH 

V|HC 


Vss + 2.0 

Vcc - 0.3 




Vcc 

Vcc + 0.1 


Vdc 


Input Low Voltage — All Inputs except MPU 01 and 02 
MPU 01 and 02 


VlL 
V|LC 


Vss - 0.3 

Vss - o-i 




Vss + 0.8 
Vss + 0-3 


Vdc 


Input Leakage Current (Vj^ = to 5.25 Vdc) 

(Vcc = 5.25 Vdc) All Inputs except MPU 01 and 02 
(Vcc = 0' MPU 01 and 02 


'in 




1.0 


2.5 
100 


MAdc 


Three-State (Off State) Input Current 

(Vin = 0.4 to 2.4 V , Vcc = 5.25 Vdc) D0-D7 

A0-A15. R/W 


Itsi 




2.0 


10 
100 


MAdc 


Output High Voltage 

(Load A of Figure 8, Vqq - 4.75 Vdc) 


VOH 


Vss + 2.4 






Vdc 


Output Low Voltage 

(Load A of Figure 8, Vcc = ^-'5 Vdc) 


Vol 






Vss + 0* 


Vdc 


Output Leakage Current. IRQ of Peripherals IV\„ = 2.4 Vdc) 


Iloh 




1.0 


10 


MAdc 


Capacitance' MPU 01 and 02 
(Vin = 0, Ta = 25°C, MPU TSC 
f = 1.0 MHz) MPU DBE 

MPU Logic Inputs 

All Other Inputs 

D0-D7, A0-A15, R/W, VMA 

IRQ Output 

All Other Outputs 


c 


80 


120 

7.0 
6.5 
6.0 
10 
3.0 
6.0 


160 
15 
10 
8.5 
7.5 
12.5 

5.0 
10 


pF 


01 and 02 Overshoot/Undershoot — Input High Leuel 

— Input Low Level 


Vqs 


Vcc -0.5 
Vss - 0-5 




Vcc + 0.5 
Vss + 05 


Vdc 


Clock Overlap Voltage (Figure 7) 


VqV 






0.5 


Vdc 



'Capacitances are periodically sampled rather than 100% tested. 
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FIGURE 6 - BUS iNTEFtFAGE TIMING 



Address and Interrupt Timing 



■ Start of Cycle 



01 
02 

(E timing = 02 Timi! 
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7 ViHcmin 
T\' — ■ 



- tAD - 



Chip Selects, Address, 

R/W, VIWIA, and Register Selects 



Interrupt Request 



Read Timing 



Data 

From Memory 
or Peripherals 



Write TiMAS, DBE = 02 TMi(^ 



□ BE 



Data 

From MRU 



W/rita Timing, DBE * 02 Timing 



■tAS- 



■ ^DOR • 



tpSR 



'AH 



. V| L 

V|H/VoH* 

V|l/Vol 



tJ.R- 



^ VqH 

*\ Vol 



Data Valid 



• tH 



VlH/VoH 
V|l/VoL 



-tDDW- 



-tDBED- 



•tDBE" 



-tQBEf 



'DSW 



Data 



Valid ^> 



tH 



V|H 
V|L 

Vih/Voh 

V|l/Vol 



Data 

From Mf W 



■tDBEr 



■ tDDW- 



Dsta Valid 



■tH 



V|H 

V|h/VoH 

V|l/Vol 



•Output levels of 0.4 V and 2.4 V with input levels of 0.8 V and 
2.0 V guarantee a minimum 0.4 V dynamic noise Immunity at 
"1" and "0" levels. 



Data Not Valid 



TABLE 4 - DYNAMIC CHARACTERISTICS (Vcc = 5.0 V ± 5%, Vgg = 0, = to 70 C unless otherwise noted.) 







.JEKP. ^ilidMllii Unit 


Address Setup Time 


tAS 


190 


- 


- 


ns 


Allowable Data Delay Time (Read) 


'DDR 


- 


200 


350 


ns 


Memory Read Access Time 


^acc 


- 


- 


540 


ns 


Data Setup Time (Read) 


^DSR 


100 


- 


- 


ns 


Available Data Setup Time (Write) 


^DSW 


225 


- 


- 


ns 


Input Data Hold Time 


tH 


10 


- 


- 


ns 


Output Data Hold Time 




10 


30 




ns 


Address Hold Time 


'AH 


50 


75 




ns 


Address Delay 


*AD 




220 


300 


ns 


Data Delay (Write) 


tQDW 


— 


165 


225 


ns 


Interrupt Request Release Time 


t|R 




0.7 


1.2 


MS 


Frequency of Operation 


f 


0.1 




1.0 


MHz 


Clock Timing (01 and 02) 
Cycle Time 

Clock Pulse Width 

(Measured at V^c - 0.3 V) 01 

Clock Up Time 

Rise and Fall Times 01, 02 

(Measured between Vss + 0.3 V and Vgc " 0-3 V) 

Delay Time or Clock Separation 
(Measured at Vgg + 0.5 V) 

Overshoot Duration 


tcyc 


1.0 


— 


10 


MS 


PW0H 


430 

450 




4500 

4500 


ns 


*ut 


940 






ns 


t0r. t0f 


5 




50 


ns 


td 







9100 


ns 


'OS 







40 


ns 


E Enable Pulse Width 


PWg 


0.45 


- 


25 


MS 


E Enable Rise and Fall Time 


*Er. 'Ef 






25 


ns 


Processor Controls 
Processor Control Setup Time (Figure 12, 13, 14, 15) 
Processor Control Rise and Fall Time (Figures 12, 13, 14, 15) 
Bus Available Delay (Figure 15) 
Three State Enable (Figure 16) 
Three State Delay (Figure 16) 

Data Bus Enable Down Time During 01 Up Time (Figure 6) 

Data Bus Enable Delay (Figure 6) 

Data Bus Enable Rise and Fall Times (Figure 6) 


'PCS 
tPCr. 'PCf 
'BA 

'tse 
'tsd 

'QBE 
'DBED 
'DBEr. 'DBEf 


200 

150 
300 




100 
300 
40 
700 

25 


ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 



Note: Dynamic properties of most of the M6800 peripheral and memory parts exceed the requirements specified above, allowing for 

system flexibility. 



Notice the logic levels specified in Figure 6. All parts are 
tested to output levels of 0.4 and 2.4 V with input levels of 
0.8 and 2.0 V at the specified times. This will guarantee a 
minimum of 0.4 V dynamic noise immunity on the "1" and 
"0" levels. 

Microprocessor Clocks (^>^ and <h2 

Figure 7 shows the microprocessor clocks, and Tables 3 
and 4 show the static and dynamic clocl< specifications. 
The high level is specified at Vihc and the low level is 
specified at Vilc. The allowable dock frequency Is 
specified by f (frequency). The clock overshoot is specified 
by Vos (overshoot voltage) for a maximum duration of tos 
(overshoot time). The minimum (|>^ and (t>2 high level pulse 
widths are specified by PW0H (pulse width high time). To 
guarantee the required access time for the peripherals, the 
clock up time, tut, is specified. Clock separation, td, is 
measured at a maximum voltage of Vov (overlap voltage). 
This allows for a multitude of clock variations at the system 
frequency rate. 



Maximum Ratings 

Table 5 shows the maximum ratings. The most important 
specifications in the table from a user's standpoint are the 
operating power supply range of +4.75 V to +5.25 V and 
ttie operating temperature range of 0°C to 70°C ambient. 

Test Conditions 

The dynamic test load for the Data Bus, as shown in 
Figure 8, is 1 30 pF and one standard TTL load. The 1 1 .7 kfi 
resistor accounts for 205 ^tA of 2.4 V level leakage current. 
The Address, R/W and VMA processor outputs have a 

dynamic test load of 90 pF and one TTL load as shown in 
Figure 8. The 1 6.5 kf! resist or accounts for 1 45 of 2.4 V 
level leakage current. The Interrupt Request test load is 
also shown in Figure 8. The load consists of a 3 kO resistor 

to Vcc and 1 00 pF of capacitance. Notice that the Data Bus 
lines, the Address lines, the Interrupt Request line and the 
E enable line are all specified and tested to guarantee 0.4 V 
of dynamic noise immunity on the "1" and "0" logic levels. 
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FIGURE 7 - MICROPROCESSOR 01 AND 02 CLOCKS 
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TABLE 5 - MAXIMUM RATINGS 





^ymbol 


Vaipe 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


Ta 


to +70 


"c 


Storage Temperature Range 


^stg 


-55 to + 1 50 





Load A 



Test Point o- 



FIGURE 8 - TEST LOADS 



Load B 
(TrQ Only) 



4.75 V 




Test Point o- 



130 pF for Data Bus 

90 pF for Address Outputs, R/W, and VMA 
30 pF for Logic Outputs 
11.7 kfi for Data Bus' 

16.5 kSJ for Address Bus, R/W, and VMA 
24. kn for BA 



5.0 V 
3 k 

: 100 pF 



A MINIMUM SYSTEM 

A minimum M6800 system is defined as any size system 
within the basic load limitation of the MPU. Figure 9 shows 
a minimum system consisting of the microprocessor, three 
RAMs, two ROMs, two PIAs, and one ACIA. A maximum of 
eight peripherals are allowed on the bus in this configura- 
tion. This limitation is due to the capacltive loading specifi- 
cation of 1 30 pF on the microprocessor and peripheral data 
bus buffers — that is 30 pF of interconnect capacitance and 
100 pF of data bus buffer capacitance. 

Systems having more than eight peripherals can be im- 
plemented by using the Bus Extender (BEX), additional 
TTL gates and the microprocessor control lines. A useful 
curve showing the Data Bus and Address Bus drive capa- 
bility with respect to Bus loading for typical conditions is 
shown in Figure 10. Date Bus buffer and Address Bus 



buffer delays typically increase at a rate of 0.5 ns/pF for 
pure capacilive loadtng. 

System Clock 

The microprocessor requires two cloci<s, </)1 and <^2, as 
shown in Rgure 9. A third clock, the E enable, which is in 

phase with <62, is needed to transfer data to peripherals. 
Data transfers to the processor are made during the 4>2 
time. The (t>2 clock is also tied to the microprocessor Data 
Bus Enable (DBE) which enables the Data Bus output 
buffers. 

The write timing for this condition is shown in Figure 6 
(DBE = 4)2) and Table 4. If additional data setup or hold 
time is required on an IVIPU write, the DBE down-time can 
be decreased as shown in Figure 6 (DBE ^ <l)2). The 
minimum dovyn-flme for DBE is tSIl as shown in Table 4, 



FIGURE 9 - TYPICAL SYSTEM INTERCONNECTION 
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FIGURE 10 - TYPICAL BUS DELAY TIMES versus 
CAPACITIVE LOADING 
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and must occur within <f>^ up-time. Tlie minimum delay from 
the trailing edge of DBE to the trailing edge of <t>1 is tOBED. 
By skewing DBE with respect to E in this manner, data 
setup or hold time can be increased. 

The capaciti ve drive requi rement for the E enable line for 
this system is 90 pF — 60 pF for peripheral E input capaci- 
tance and 30 pF for interconnections. The MC6871 A clock 
circuit provides <j>1 and </)2 signals which meet the MPU 
requirements. It also provides a TTL compatible E enable 
output {<t>2, TTL) which leads <|>2 by approximately one TTL 
driver circuit stage delay. In the system shown, the Data 
Bus buffers go to their three-state mode with the trailing 
edge of (f)2 and E allowing for sufficient hold time ( = 300 
ns). In systems having TTL loads on the Data Bus, E can be 
tied to DBE. Variations between E and <^2 do not affect the 
processor or peripheral Data Bus hold time requirements 
providing the trailing edge of E occurs after the trailing edge 
of 4.2. 

Addressing Peripherals and lUiemory 

As shown in Figure 6, all Address lines are valid by 
address setup time tAS. The Address lines, Chip Selects 
and the E enable are tied to the ROM as shown in Figure 9. 
The Address lines required for addressing the ROMs are 
shown in Table 6. A true Address bit selects a true Chip 
Select, and an Address bit selects a Chip Select. Figure 9 
also shows the Address, Chip Select, E enable and R/ W 
interconnection for the RAMs, the PI As, and the ACIA, with 
Table 6 showing the Address lines required. 

Notice that VMA is used as a Chip Select to the peripher- 
als. VMA is needed because interrupts on these parts are 
cleared on a read of data from the peripherals. The micro- 
processor requires from 2 to 1 2 cycles to do an instruction. 
During those portions of an instruction in which the Data 
Bus is not active, the R/ W line is held high, the Address 
lines are in an indeterminate state and the Data Bus buffers 
are in an indeterminate state. Thus a false read of a 
peripheral could occur, and if that peripheral was interrupt- 
ing the microprocessor, the interrupt would be cleared. 
Tying VMA into one of the Chip Selects solves this problem 
since VMA is high only when there is a valid memory 
address on the Address Bus. If the Halt control line, the 



Wait for Interrupt (WAI) instruction, or the TSC control line 
is used, Address and R/W lines float, which could result 
in a false write into memory. If Halt, TSC and WAI are 
required in a minimum system, a TTL AND gate is used to 
AND one of the chip selects with VMA as shown. 

Address space was chosen as shown in Table 6 for the 
following reasons: When the microprocessor power comes 
up, the address FFFE goes out on the Address lines, 
followed by FFFF (the address of the start up program is 
stored at FFFE and FFFF). Thus, A1 5 was chosen to select 
the ROMs. The ROM Address bits are AO thru A9. A1 was 
chosen as the other Chip Select so that ROM addressing 
would be contiguous. The ROM Chip Selects are pro- 
grammable; for this exam ple CS1 and C SS are defined as 
true and CS2 as not true (Chip Select). 

A15 can be used to select all peripherals except the 
ROMs. The RAM Address bits are AO thru A6. A7 and A8 
make the address space for the RAMs contiguous. 

When using direct addressing, the Address Bus high bits 
(A8 thru A15) are all zeros. Then RAM 1 and RAM 2 in 
Table 6 form 256 contiguous locations for direct address- 
ing. When selecting the ACIA and PIAs, the RAMs are 
deselected by keeping A7 and A8 high. 

The ACIA is selected with A1 5, VMA, and A1 0. A1 can 
be reused since the state of A1 5 determines whether A 1 s 
used as a ROM Address line or the ACIA Address line. The 
PIAs are selected with A1 5, VMA and two of the remaining 
unused address lines — A1 1 and A12. 

TABLE 6 - ADDRESS LINES FOR SYSTEM OF FIGURE 9 







ROM1 


A0-A9 


A10 A15 


8000 


ROM 2 


A0-A9 


A10 A15 


8400 


RAM 1 


A0-A6 


A7 AS A15 VMA 


0000 


RAM 2 


A0-A6 


A7 AS A15 VMA 


0080 


RAM 3 


A0-A6 


A7 AS A15 VMA 


0100 


ACIA 1 


AO 


A10 VMA A15 • 


0S80 


FIA 1 


AO A1 


All VMA A15 • 


0980 


PIA 2 


AO Al 


A12 VMA A15 * 


1180 



•When addressing the ACIA and PIAs, A7 and AS must be 
high to disable the RAMs. When addressing the RAMs, A10, 
All and A12 are held low. 



MPU ADDRESS MODES 

The MC6800 has a set of 72 different instructions. In- 
cluded are binary and decimal arithmetic, logical, shift, 
rotate, load, store, conditional or unconditional branch, 
interrupt and stack manipulation instructions. 

Table 7 shows the microprocessor instruction set. Table 
8 shows the instruction addressing modes and associated 
execution times. 

The MPU address modes are: 

1. Immediate 

2. Direct 

3. Indexed 

4. Extended 

5. Implied 

6. Relative 

7. Accumulator (ACCX) 
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TABLE 7 - MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE 



ABA 


Add Accumulators 


CLR 


Clear 


ADC 


Add with Carry 


CLV 


Clear Overflow 


ADD 


Add 


CMP 


Compare 


AND 


Logical And 


COM 


Complement 


ASL 


Arithmetic Shift Lett 


CPX 


Compare Index Register 


ASR 


Arithmetic Shift Right 


DAA 


Decimal Adjust 


BCC 


Branch if Carry Clear 


DEC 


Decrement 




Branch if Carry Set 


DES 


Decrement Stack Pointer 




Branch if Epual to Zero 


DEX 


Decrement Index Register 


doc: 
DO i 


DraiK^ri ir oreaicr ur c^ucll ^cru 

□ lallUFI II UicctWI lllctll *-dU 


EOR 


Exclusive OR 


Dm 


Drdinrfii II niynci 


IINw 


IIIUIBIilt;! 11 


O IT 


Bit Test 


INS 


Increment Stack Pointer 


BLE 


Branch if Less or Equal 


INX 


Increment Index Register 


BLS 


Branch if Lower or Same 


JMP 


Jump 


BLT 


Branch if Less than Zero 


BMI 


Branch if Minus 


JSR 


Jump to Subroutine 


BNE 


Branch if Not Equal to Zero 


LDA 


Load Accumulator 


BPL 


Branch if Plus 


LDS 


Load Stack Pointer 


BRA 


Branch Always 


LDX 


Load Index Register 


BSR 


Branch to Subroutine 


LSR 


Logical Shift Right 


BVC 


Branch if Overflow Clear 


NEG 

NOP 


Negate 

No Operation 


BVS 


Branch if Overflow Set 


CBA 


Compare Accumulators 
Clear Carry 


ORA 


Inclusive OR Accumulator 




Clear Interrupt Mask 


PSH 


. Push Data 





PUL Pull Data 

ROL Rotate Left 

ROR Rotate Right 

RTI Return from Interrupt 

RTS Return from Subroutine 

SBA Subtract Accumulators 

SBC Subtract with Carry 

SEC Set Carry 

SEI Set Interrupt Mask 

SEV Set Overflow 

STA Store Accumulator 

STS Store Stack Register 

STX Store Index Register 

SUB Subtract 

SWI Software Interrupt 

TAB Transfer Accumulators 

TAP Transfer Accumulators to Condition 

TBA Transfer Accumulators 

TPA Transfer Condition Code Reg. to Ai 

TST Test 

TSX Transfer Stack Pointer to Index Register 

TXS Transfer Index Register to Stack Pointer 

WAI Walt for Interrupt 



inter 

m 



A description of these address modes follows, with em- 
phasis on what is occurring in each machine cycle on the 
Address Bus, Data Bus, R/W line and the VMA line. A 
cycle-by-cycle representation is shown in Figure 1 1 . When 
VMA is low the Data Bus and Address Bus are in an 
indeterminate state. (See MC6800 data sheet for a cycle- 
by-cycle description of the entire instruction set.) 

Immediate Addressing 

Immediate addressing is an addressing technique in 
which the first byte of the instruction contains the operator 
and the second byte contains the operand. Exceptions to 
this are the LDS and LDX instructions which have the 
operand in the second and third bytes of the instruction. 

Referring to Figure 1 1 , during the first half of cycle # 1 the 
Program Counter (PC) current address is put on the line, 
R/W goes high designating a read operation and VMA 
goes high designating the current address is a valid mem- 
ory address. During the second half of cycle #1 , the LDA 
operator code is put on the Data Bus from memory and 
loaded into the MPU. The MPU Program Counter is in- 
cremented and the operand, which is usually data, is 
loaded into the MPU on cycle #2. The operator of the next 
instruction follows on the next cycle. 

Direct Addressing 

In direct addressing, the address of the operand is con- 
tained in the second byte of the instruction. Direct address- 
ing allows the user to directly address the lowest 256 bytes 
in the machine, i.e., locations zero through 255. Enhanced 
execution times are achieved by storing data in these loca- 
tions. In most configurations, it should be a Random Ac- 
cess Memory. 

Referring to Figure 11, the address in the Program 
Counter is put on the address bus and the LDA operator 
code is loaded into the MPU during cycle #1 . The Program 
Counter is incremented and during cycle #2, 8 bits of 



address are loaded into the Address Bus Low (ABL) regis- 
ter which contains the lower 8 bits of the 16-bit address 
register of the MPU. The upper 8 bits , which are contained 
in the Address Bus High (ABH) register, are forced to all 
zeros. In the third cycle the new address is put on the 
Address Bus and the operand is loaded into the MPU. 

A STA instruction is handled in the same manner as an 
LDA instruction except there is an additional cycle re- 
quired, which is cycle #6 in the diagram. Due to the MPU 
architecture this additional cycle is required to move the 
accumulator internally in the machine. During this cycle 
the Data Bus is in an indeterminate stale and VMA goes 
low. The actual storing of data then occurs on cycle #7. 
The next instruction follows as shown. 

Indexed Addressing 

In indexed addressing, the address contained in the 
second byte of the instruction is added to the index regis- 
ter's lowest 8 bits In the MPU. The cany is then added to the 
higher order 8 bits of the index register. This result is then 
used to address memory. The modified address is held in a 
temporary address register so there is no change to the 
index register. These are two byte instructions. 

In the first two cycles of an indexed address instruction, 
the LDA operator code is loaded into the MPU followed by 
the index offset. In the third cycle the low order byte of the 
index register is loaded into the adder and added to the 
offset; the carry propagates during cycle #4. The VMA 
goes low during these two cycles while the MPU is prepar- 
ing the indexed address. The new address then goes on 
the line during cycle #5. 

The STA indexed instruction is handled in the same 
manner as the LDA instruction, again with the exception 
that an additional cycle is required due to the MPU architec- 
ture. VMA is held low then for three cycles for the STA 
instruction instead of two for the LDA instruction. 
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h ADDRESSING MODES AND ASSOCIATED EXECUTION THVIES 
(Times in Machine Cycles) 
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Note: Interrupt tirrte is 12 cycles from the end of 

the instruction being executed, except following 
a WAI instruction. Then it is 4 cycles. 



Extended Addressing 

In extended addressing, the address contained in the 
second byte of the instruction is the 8 higher order address 
bits of the operand. The third byte of the instruction con- 
tains the lower 8 bits of the address. This is an absolute 
address in memory and these are 3 byte instructions. Ex- 
tended addressing is the same as direct addressing except 
the address field is a full 16 bits. This means the LDA and 
STA instructions require an additional cycle (cycles #2 and 
#6) to fetch the high order 8 bits of the address. Notice that 
in cycle #8 VMA is low signifying the Data Bus is in an 
indeterminate state. This is again due to the internal ar- 
chitecture of the MPU. 

Implied Addressing 

There are two types of implied addressing instructions: 

those which do not require an address and those which do 
require an address. These are one byte instructions. An 



example of an instruction which does not require an ad- 
dress is ABA. Here the contents of accumulator A is added 
to accumulator B and the result put in accumulator A. The 
Data Bus and Address Bus are valid only on the first cycle 
of the instruction as shown in Figure 1 1 . 

For those instructions which do require an address, the 
address is held by an internal MPU register such as the 
stack pointer. Thus no data is required to develop an ad- 
dress. An example of this type of instruction is PSH. 

Looking again at Figure 11 , the Data Bus and Address 
Bus are valid on cycle #3 to fetch the PSH operator. In 
cycle #4 the MPU is moving data internally and VMA does 
not go low. During this time the Address bus contains the 
address of the next instruction in ROM and the MPU is 
doing an invalid Read. In cycle #5 the stack pointer is 
loaded into Address Bus buffers and data is written into the 
stack. On the next cycle VMA goes low and the stack 
pointer is decremented. The next instruction then follows. 
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FIGURE 11 - ADDRESS MODES 
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Relative Addressing 

In relative addressing, the address contained in the sec- 
ond byte of the instruction is added to the program count- 
er's lowest 8 bits plus two. The carry or borrow is then 
added to the high 8 bits. This allows the user to address 
data within a range of -126 to -1-129 bytes of the present 
Instruction. These are two byte instructions which perform 
branch functions. 

Referring again to Figure 1 1 , the operator code is fetched 
from the memory location stored in the instruction register 
during cyde #1 . The Program Counter offset is loaded into 
the MPU during cycle #2. The offset is added to the low 
order bits of the Program Counter in cycle #3 and the carry 
is propagated during cycle #4. During these two cycles 
VMA goes low while the MPU is operating on the offset 
data. The next instruction is loaded during cyde #5. 

Accumulator (ACCX) Addresssing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. 

An example is ASLA {Arithmetic Shift Left, on the A 
accumulator). These are one byte, two cycle instructions 
and the Address Bus and Data Bus are active only during 
the first cycle of the Instruction when the operator is being 
loaded from memory. During the second cycle the machine 
performs the operation and VMA is high. 

PROCESSOR CONTROLS 

The microprocessor has six Processor Control Lines 
(Figure 1 ) whic h are: 

Rese t 

NMI (Non-Maskable Interrupt) 
Hiit 

BA (Bus Available) 
JSC (Three-State Control) 
DBE (Data Bus Enable) 

Two of the control lines. Reset and DBE are required for 
all systems. The remaining control lines can be utilized to 
enhance throughput and flexibility depending on the sys- 
tem application. The simplicity of the processor control 
lines results directly from the simplicity of the M6800 sys- 
tem architecture. 

Along with the discussion on NMI will be a disc ussion of 
the Wait For In terrupt (WAI) instruction and the Interrupt 
Request (IRQ) line since the three interrupt types are 
closely aligned. 

Reset 

The Reset input is used to reset and start the MPU from a 
power down condition resulting from a power failure or 
initial start-up of the processor. This input can also be used 
to reinitialize the machine at any time after start up. 

If a high level is detected in this input, this will signal the 
MPU to begin the reset sequence. During the reset se- 
quence, the contents of the last two locations (FFFE, 
FFFF) in memory will be loaded into the Program Counter 
to point to the beginning of the reset routine. During the 
reset routine, the interrupt mask bit is set and must be 
cleared under prog ram c ontrol before the MPU can be 
interupted by IRQ. While Reset Is low (assuming a mini- 
mum of 8 clock cycles have occurred) the MPU output 
signals will be in the following states: VMA = low, BA = low. 
Data Bus = high impedance, R/ W = high (read state), and 
the Address Bus will contain the reset address FFFE. Fig- 



ure 12 illustrates a power up sequence using the Reset 
control line. After the power supply reaches 4.75 V a 

minimum of eight clock cycles are required for the proces- 
sor to stabilize in preparation for restarting. During these 
eight cycles, VMA will be in an indeterminate state so any 
devices that are enabled by VMA which could accept a 
false write during this time (such as a battery-backed RAM) 
must b e disabled until VMA is forced low after eight cycles. 
Reset can go high asynchronously with the system clock 
a ny time after the eighth cycle. 

Reset timing is shown in Figure 1 2 and Table 4. The 
maximum r ise and fall transition times are specified by tPCr 
and tPCf. If Reset is high at tpcs (processor control setup 
time) as shown in Figure 12 in any given cycle, then the 
restart sequence will begin on the next cycle as shown. The 
Reset control line may also be used to reinitialize the MPU 
system at any time d uring its operation. This is ac- 
complished by pulsing Reset low for th e dura tion of a 
minimum of three complete 02 cycles. The Reset pulse can 
be completely asynchronous with the MPU system clock 
and will be recognized during <j)2 if setup time tPCS is met. 



Non-Maskable Interrupt (NMI) 
and Wait for Interrupt (WAI) 

The MC6800 is capa ble of handling two types of inter- 
rupts: ma skable (IR Q) as described earlier, and non- 
maskable (NMI). IRQ is maskab le by the Intemipt mask in 
the condition code register while NMI is not maskable. The 
handling of these interrupts by the MPU is the same except 
that each has its own vector address. The behavior of the 
MPU when interrupted is shown in Figure 13, which details 
the MPU response to an interrupt while the MPU is execut- 
ing t he co nt rol p rogram. The interrupt shown could be 
either IRQ or NMI andean be asynchronous with respect to 
(f>2. The interrupt is shown going low at time tPCS in cycle 
#1 which precedes the first cyde of an instruction (OP 
code fetch). This instruction is not executed but instead the 
Program Counter (PC), Index Register (IX), Accumulators 
(ACCX), and the Condition Code Register (CCR) are 
pushed onto the stack. 

The Interrupt Mask bit is set to prevent further interrupts. 
The address of the interrupt service routine is then fetched 
from FFFC, FFFD for an NMI interrupt and from FFF8, 
FFF9 for an I RQ interrupt. Upon completion of the interrupt 
service routine, the execution of RTI will pull the PC, IX, 
ACCX, and CCR off of the stack; the Interrupt Mask bit is 
restored to its condition prior to Interrupts. 

Figure 1 4 is a similar interrupt sequence, except in this 
case, a WAIT instruction has been executed in preparation 
for the interrupt. This technique speeds up the MRU's 
response to the interrupt because the stacking of the PC, 
IX, ACCX, and the CCR is already done. While the MPU is 
waiting for the interrupt, Bus Available will go high indicat- 
ing the following states of the control lines: VMA is low, and 
the Address Bus, R/W and Data Bus are all in the high 
impedance state. After the interrupt occurs, it is serviced as 
previously described. 



Halt a nd S ingle Instruction Execution 

The Halt line provides an input to the MPU to allo w 
control of program execution by an outside source. If Halt is 
high,the MPU will execute the instructions; if it is low, the 
MPU will go to a halted or idle mode. A response signal. 
Bus Available (BA) provides an indication of the current 
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FIGURE 12 - RESET TIMING 
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FIGURE 13 - INTERRUPT TIMING 
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FIGURE 14 - WAIT INSTRUCTION TIMING 
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MPU Status. When BA is low, the MPU is in the process of 
executing the control program; if BA is high, the MPU has 

halted and all Internal activity has stopped. 

When BA is high, the Address Bus, Data Bus, and R/W 
line will be in a high impedance state, effectively removing 
the PU from the system bus. VIVIA is forced low so that the 
floating system bus will not activate any device on the bus 
that is enabled by VMA. 

While the MPU is h alte d, all program activity is stopped, 
and if either an NMI or IRQ interrupt occurs, it will be 
latched into the MPU and acted o n as so on as the MPU is 
taken out of the halted mode. If a Reset command occurs 
while the MPU Is halted, the following states occur: VMA = 
low, BA = low, Data Bus = high impedance, R/W = high 
(read state), an d the Address Bus will co ntain address 
FFFE as long as Reset is low. As soon as the Halt line goes 
high, the MPU will go to locations FFFE and FFFF for the 
address of the reset routine. 

Figure 15 shows the timing relationships involved when 
halting the MPU. The instruction illustra ted is a one byte, 2 
cyde instruction such as CLRA. When l-lalt goes low, the 
MPU will halt after completi ng e xecution of the current 
instruction. The transition of Halt must occur tpcs before 
the trailing edge of <j> 1 of t he last cycle of an instruction 
(point A of Rgure 1 5). Halt must not go low any time later 
than the minimum tPCs specified. 

The fetch of the OP code by the MPU is the first cycle of 
the instruction. If Halt had not been low at Point A but went 
low during 4)2 of that cycle, the MPU would have halted 
after completion of the following instruction. BA will go high 
by time tBA (bus available delay time) after the last instruc- 
tion cycle. At this point in time, VMA is low and R/W, 
Address Bus, and the Data Bus are In the high impedance 
state. 



To debug programs it is advantageous to step through 
programs instruction by instruction. To do this, Halt must be 

brought high for one MPU cycle and then returned low as 
shown at point B of Figure 15. Again, the transitions of Halt 
must occur tPCS before the trailing edge of <^)1 . BA will go 
low at tBA after the leading edge of the next <t>^ , indicating 
that the Address Bus, Data Bus, VMA and R/W lines are 
back on the bus. A single byte, 2 cycle instruction such as 
LSR is used for this example also. During the first cycle, the 
instruction Y is fetched from address M + 1 . BA returns 
high at tBA on the last cycle of the instruction indicating the 
MPU is off the bus. If instruction Y had been three cycles, 
the width of the BA low time would have been increased by 
one cycle. 

Three State Control (JSC) 

When the Three-State Control (TSC) line is a logic "1", 
the Address Bus and the R/W line are placed in a high 
impedance state. VMA and BA are forced low whenever 
TSC = "1" to prevent false reads or writes on any device 
enabled by VMA. While TSC is held high, the <t>^ and 4>2 
clocks must be held high and low, respectively, in order to 
delay program execution (this is required because of the 
bus lines being in an indeterminate state). Since the MPU is 
a dynamic device, the clock can be stopped for a 
maximum time PW<*h without destroying data within the 
MPU. TSC then can be used in a short Direct Memory 
Access (DMA) application. 

Figure 16 shows the effect of TSC on the MPU. TSC 
must have its transitions at tTSE (three-state enable) while 
holding <^)1 high and <f)2 low as shown. The Address Bus 
and R/W line will reach the high impedance state at txsD 
(three-state delay), with VMA being forced low. In this 
example, the Data Bus is also in the high impedance state 
while <l>2 is being held low since DBE = 4^. At this point in 
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FIGURE 15 - HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG 
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time, a DMA transfer could occur on cycles #3 and #4. 
When TSC is returned low, the MPU Address and R/W 
lines return to tlie bus. Because it is too late in cycle #5 to 
access memory, this cycle is dead and used for synchroni- 
zation. Program execution resumes in cyde #6. 

Bus Available (BA) 

The Bus Available signal will normally be in the low state; 
when activated, it will goto the high state indicating that the 
microprocessor has stopped a nd th at the address bus is 
available. This will occur If the Halt line is in the low state 
(Figure 15), or if the processor is in the WAIT state (Figure 
.14) as a result of the execution of a WAIT instruction. At 
such time, all three-state output drivers will go to their off 
state and other outputs to their normally inactive level. The 
processor is removed from the WAIT state by the occur- 
rence of a masi<abie (masl< bit I = 0) or non-masl<able 



interrupt. Note that if TSC is in the higli state, Bus Available 

will be low. 

Data Bus Enable (DBE) 

DBE is the three-state control signal for the MPU data 
bus and will enable the bus drivers when in the high state. 
This input is TTL compatible; however in normal operation, 
it would be driven by the <^>2 clocl^. During an MPU read 
cycle, the data bus drivers will be disabled internally. When 
it is desired that another device control the data bus such 
as in DMA applications, DBE should be held low 

If additional data setup or hold time is required on an 
MPU write, the DBE down time can be decreased as shown 
in Figure 6 (DBE (;)2). The minimum down time for DBE is 
tDBE as shown in Table 4, and must occur within 4>^ up time. 
The minimum delay from the trailing edge of DBE to the 
trailing edge of <i>^ is Idbed. By skewing DBE with respect to 
E in this manner, data setup or hold time can be increased. 
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MICROPROCESSING UNIT (MPU) 

The MC6800 is a monolithic 8-bit microprocessor forming the 
central control function for Motorola's M6800 family. Compatible 
with TTL, the MC6800, as with all M6800 system parts, requires 
only one +5.0-volt power supply, and no external TTL devices for 
bus interface. 

The MC6800 is capable of addressing 65K bytes of memory 
with its 16-bit address lines. The 8-bit data bus is bidirectional as 
well as 3-state, making direct memory addressing and multiproces- 
sing applications realizable. 

• Eight-Bit Parallel Processing 

• Bi-DlreGtional Data Bus 

• Sixteen-Bit Address Bus - 65K Bytes of Addressing 

• 72 Instructions — Variable Length 

• Seven Addressing Modes — Direct, Relative, Immediate, Indexed, 

Extended, Implied and Accumulator 

• Variable Length Stack 

• Vectored Restart 

• Maskable Interrupt Vector 

• Separate Non-Maskable Interrupt — Internal Registfers Saved 

In Stack 

• Six Internal Registers — Two Accumulators, Index- Register, 

Program Counter, Stack Pointer and Condition Code Register 

• Direct Mehiory Addressing (DMA) and Multiple Processor 

Capability 

• Clock Rates as High as 1 MHz 

• Simple Bus Interface Without TTL 

• Halt and Single Instruction Execution Capability 
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E LECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 5%, Vss = 0, = to 70°C unless otherwise noted.) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


Logic 

01,02 


V|H 


Vss + 2.0 
Vrr^ — 3 




vcc 

Vrr + 0.1 


Vdc 


input Low Voltage 


Logic 

01,02 


V|L 
Vii r 


Vss - 0-3 
Vss -0.1 


- 


Vss + 0-8 
Vss + 0.3 


Vdc 


Clock.Overshoot/Undershoot — Input High Level 
— Input Low Level 


vqs 


Vcc - 0.5 
Vss - 0.5 


— 


Vcc + 0.5 
Vss + 0.5 


Vdc 


Input Leakage Current 

(Vin = to 5.25 V, Vcc = "^x) 
(V|n = to 5.25 V, Vcc = ° V) 


Logic* 

01,02 


'in 


- 


1 .0 


2.5 
100 


MAdc 


Three-State (Off State) Input Current 
(Vjn 0.4 to 2.4 V, Vcc = "»") 


D0-D7 

A0-A15,R/W 


Itsi 




2.0 


10 
100 


MAdc 


Output High Voltage 

"Load = -205 /jAdc, Vqc = min) 
"Load -145 MAdc, Vcc = "^'"1 
('Load = -lOO MAdc, Vcc = niin) 


D0-D7 

A0-A15,R/W,VMA 
BA 


VOH 


Vss + 2.4 
Vss + 2.4 
Vss + 2.4 


- 




Vdc 


Output Low Voltage 

" Load = 1 -6 mAdc, Vcc = l^'"* 


Vol 


- 


— 


Vss + 0.4 


Vdc 


Power Dissipation 






U.OUU 


1 9 
1 


W 


Capacitance * 

(Vjn = 0, Ta = 25°C. f = 1 .0 MHz) 


01,02 

TSC 

DBE 
D0-D7 
Logic Inputs 


^in 


80 
— 


120 

7.0 
10 
6.5 


160 

15 
10 
12.5 
8.5 


pF 




A0-A15,R/W,VMA 


Cqui 







12 


pF ^ 


Frequency of Operation 


f 


0.1 


- 


1.0 


MHz 


Clock Timing (Figure 1) 
Cycle Time 




tcyc 


1.0 


- 


10 


MS 


Clock Pulse Width 

(Measured at Vcc - 0-3 V) 


01 
02 


PWfftH 
<pri 


430 
450 


- 


4500 
4500 


ns 


Total 01 and 02 Up Tinne 




tut 


940 






ns 


Rise and Fall Times 

(l\^easured between Vsg + 0,3 V and V 


01,02 
CC - 0.3 V) 


t0r- t0f 


5.0 




50 


ns 


Delay Time or Clock Separation 

(Measured at Vqv = Vss + 0.5 V) 




td 







9100 


ns 


Overshoot Duration 




tQS 







40 


ns 



•Except IRQ and NMI, which require 3 kH pullup load resistors for wireOR capability at optimum operation. 
^Capacitances are periodically sampled rather than 100% tested. 

FIGURE 1 - CLOCK TIMING WAVEFORM 
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MAXIMUM RATINGS 



Rating 


Symbol 


. Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


Ta 


to +70 


°C 


Storage Temperature Range 


Tstfl 


-55 to +150 


°C 


Thermal Resistance 




70 


<»c/w 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 



READ/WRITE TIMING Figures 2 and 3, f = 1 .0 MHz, Load Circuit of Figure 6. 



Characteristic 


Symbol 


MIn 


Typ 


Max 


Unit 


Address Delay 


tAH 




220 


300 


ns 


Peripheral Read Access Time 


tacc 






540 


ns 


tonr^ = tii+ — It A ri + tr\CD) 
^acc '■ut * AU '■Uort' 












Data Setup Time (Read) 


tDSR 


100 






n$ 


Input Data Hold Time 


tH 


10 






ns 


Output Data Hold Time 


tH 


10 


25 




ns 


Address Hold Time (Address, R/W, VMA) 


*AH 


50 


75 




ns 


Enable High Time for DBE Input 


tEH 


450 






ns 


Data Delay Time (Write) 






165 


225 


ns 


Processor Controls* 












Processor Control Setup Time 


tpcs 


200 






ns 


Processor Control Rise and Fall Time 


tPCr. tpCf 






100 


ns 


Bus Available Delay 


<BA 






300 


ns 


Three State Enable 


tTSE 






40 


ns 


Three State Delay 


ITSD 






700 


ns 


Data Bus Enable Down Time During <t>^ Up Time (Figure 3) 


tDBE 


150 






ns 


Data Bus Enable Delay (Figure 3) 


tDBED 


300 






ns 


Data Bus Enable Rise and Fall Times (Figure 3) 


tDBEr. «DBEf 






25 


ns 



'Additional information is given in Figures 12 through 16 of the Fannily Characteristics — see pages 17 through 20. 



FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 
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FIGURE 3 - WRITE IN MEMORY OR PERIPHERALS 
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FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING 
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FIGURE 5 - TYPICAL READ/WRITE, VMA, AND 
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 
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FIGURE 6 - BUS TIMING TEST LOAD 
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FIGURE 7 - VARIATIONS WITH FREQUENCY 
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FIGURE 8 - VARIATIONS WITH TEMPERATURE 
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MPU SIGNAL DESCRIPTION 



Proper operation of the MPU requires tliat certain con- 
trol and timing signals be provided to accomplish specific 
functions and that other signal lines be monitored to 
determine the state of the processor. 

Clocks Phase One and Phase Two (01,02) — Two pins 
are used for a two-phase non-overlapping clock that runs 
at the Vcc voltage level. 

Address Bus (A0-A15) — Sixteen pins are used for the 
address bus. The outputs are three-state bus drivers capa- 
ble of driving one standard TTL load and 13G pF. When 
the output is turned off, it is essentially an open circuit. 
This permits the MPU to be used in DMA applications. 

Data Bus (D0-D7) — Eight pins are used for the data 
bus. It is bl-directlonal, transferring data to and from the 
memory and peripheral devices. It also has three-state 
output buffers capable of driving one standard TTL load 
and 130 pF. 

Halt — When this input is In the low state, all activity 
In the machine will be halted. This input Is level sensitive. 
In the halt mode, the machine will stop at the end of an 
instruction, Bus Available will be at a one level. Valid 
Memory Address will be at a zero, and all other three-state 
lines will be in the three-state mode. 

Transition of the Halt line must not occur during the 
last 250 ns of phase one. To insure single instruction 
operation, the Halt line must go high for one Clock cycle. 

Three-State Control (TSC) — This input causes all of the 
address lines and the Read/Write line to go Into the off or 
high impedance state. This state will occur 700 ns after 
TSC = 2.0 V. The Valid Memory Address and Bus Available 
signals will be forced low. The data bus is not affected by 
TSC and has its own enable (Data Bus Enable). In DMA 
applications, the Three-State Control line should be 
brought high on the leading edge of the Phase One Clock. 
The 01 clock must be held in the high state and the 02 
In the low state for this function to operate properly. The 
address bus will then be available for other devices to 
directly address memory. Since the MPU is a dynamic 
device, it can be held in this state for only 4.5 jus or 
destruction of data will occur in the MPU. 

Read/Write (R/W) - This TTL compatible output 
signals the peripherals and memory devices whether the 

MPU is in a Read (high) or Write (low) state. The normal 
standby state of this signal is Read (high). Three-State 
Control going high will turn Read/Write to the off (high 
impedance) state. Also, when the processor is halted, it 
will be in the off state. This output is capable of driving 
one standard TTL load and 90 pF. 

Valid Memory Address (VMA) — This output Indicates 
to peripheral devices that there is a valid address on the 
address bus. In normal operation, this signal should be 
utilized for enabling peripheral interfaces such as the 
PIA and ACI A. This signal is not three-state. One standard 
TTL load and 90 pF may be directly driven by this active 
high signal. 



Data Bus Enable (DBE) — This input is the three-state 
control signal for the MPU data bus and will enable the 

bus drivers when In the high state. This input Is TTL com- 
patible; however in normal operation, it would be driven by 
the phase two clock. During an MPU read cycle, the data 
bus drivers will be disabled internally. When it Is desired 
that another device control the data bus such as in Direct 
Memory Access (DMA) applications, DBE should be 
held low. 

Bus Available (BA) — The Bus Available signal will 
normally be in the low state; when activated, it will go to 
the high state indicating that the microprocessor has 
stopped and that the address bus is available. This will 
occur if the Halt line Is in the low state or the processor 
is in the WAIT state as a result of the execution of a 
WAIT Instruction. At such time, all three-state output 
drivers will go to their off state and other outputs to their 
normally inactive level. The processor is removed from the 
WAIT state by the occurrence of a maskable (mask bit 
I = 0) or nonmaskable interrupt. This output is capable 
of driving one standard TTL load and 30 pF. 

Interrupt Request (IRQ) — This level sensitive input 
requests that an interrupt sequence be generated within 
the machine. The processor will wait until it completes the 
current Instruction that Is being executed before it recog- 
nizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register Is not set, the machine will 
begin an interrupt sequence. The Index Register, Program 
Counter, Accumulators, and Condition Code Register are 
stored away on the stack. Next the MPU will respond to 
the interrupt request by setting the interrupt mask bit high 
so that no further Interrupts may occur. At the end of the 
cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations 
FFF8 and FFF9. An address loaded at these locations 
causes the MPU to branch to an interrupt routine 
in memory. 

The Halt line must be in the high state for interrupts to 
be serviced. Interrupts will be latched ihternally while 
Halt is low. 

The IRQ has a high impedance pullup device internal 
to the chip; however a 3 kJ2 external resistor to Vcc 
should be used, for wire-OR and optimum control 
of interrupts. 

Reset — This input is used to reset and start the MPU 
from a power down condition, resulting from a power 
failure or an initial start-up of the processor. If a high level 
is detected on the input, this will signal the MPU to be- 
gin the restart sequence. This will start execution of a 
routine to Initialize the processor from its reset condition. 
All the higher order address lines will be forced high. For 
the restart, the last two (FFFE, FFFF) locations in 
memory will be used to load the program that is addressed 
by the program counter. During the restart routine, the 
interrupt mask bit is set and must be reset before the MPU 
can be interrupted by IRQ. 
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Figure 9 shows the initialization of the microprocessor 
after restart. Reset must be held low for at least eight 
clock periods after Vqc reaches 4.75 volts. If Reset goes 
high prior to the leading edge of $2, on the next 01 
the first restart memory vector address (FFFE) will 
appear on the address lines. This location should contain 
the higher order eight bits to be stored into the program 
counter. Following, the next address FFFF should contain 
the lower order eight bits to be stored into the pro- 
gram counter. 

Non-Maskable Interrupt (NMI) — A low-going edge on 
this input requests that a non-mask-interrupt sequence be 

generated within the processor. As with the Interrupt 
Request signal, the processor will complete the current 
instruction that is being executed before it recognizes the 
NMI signal. The interrupt mask bit in the Condition Code 
Register has no effect on NMI. 



The Index Register, Program Counter, Accumulators, 

and Condition Code Register are stored away on the 
stack. At the end of the cycle, a 16-bit address will be 
loaded that points to a vectoring address which is located 
in memory locations FFFC and FFFD. An address loaded 
at these locations causes the MPU to branch to a non- 
maskable interrupt routine in memory. 

NMI has a high impedance pullup resistor internal to 
the chip; however a 3 kS2 external resistor to Vcc should 
be used for wire-OR and optimum control of interrupts. 

Inpats IRQ and NMI are hardware interrupt lines that 
are sampled during 02 and will start the interrupt 
routine on the 01 following the completion of an 

instruction. 

Figure 10 is a flow chart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 
1 gives the memory map for interrupt vectors. 



FIGURE 9 - INITIALIZATION OF MPU AFTER RESTART 
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TABLE 1 - MEMORY MAP FOR INTERRUPT VECTORS 



Vector 

MS LS 


Description 


FFFE 


FFFF 


Restart 


FFFC 


FFFD 


Non-maskable Interrupt 


FFFA 


FFFB 


Software Interrupt 


FFF8 


FFF9 


Interrupt Request 
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FIGURE 10 - MPU FLOW CHART 






MPU REGISTERS 



The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 11). 

Program Counter — The progfam counter is a two byte 
(16-bits) register that points to the current program 
address. 

Stack Pointer — The stack pointer is a two byte register 
that contains the address of the next available location 
in an external push-down/pop-up stack. This stack is 
normally a random access Read/Write memory that may 



have any location (address) that is convenient. In those 
applications that require storage of information in the 
stack when power is lost, the stack must be non-volatile. 

Index Register — The index register is a two byte register 
that is used to store data or a sixteen bit memory address 
for the Indexed mode of memory addressing. 

Accumulators — The MPU contains two 8-bit accumu- 
lators that are used to hold operands and results from an 
arithmetic logic unit (ALU). 
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FIGURE 11 ^ PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 
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FIGURE 12 - SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 
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Condition Code Register — The condition code register 
indicates the results of an Arithmetic Logic Unit operation: 
Negative (N), Zero (Z), Overflow (V), Carry from bit 7 
(C), and half carry from bit 3 (H). These bits of the 
Condition Code Register are used as testable conditions 
for the conditional branch instructions. Bit 4 is the 
interrupt masl< bit (I). The unused bits of the Condition 
Code Register (b6 and b7) are ones. 

Figure 1 2 shows the order of saving the microprocessor 
status within the stack. 

MPU INSTRUCTION SET 

The MC6800 has a set of 72 different instructions. 
Included are binary and decimal arithmetic, logical, shift, 
rotate, load, store, conditional or unconditional branch, 
interrupt and stack manipulation iretructions (Tables 2 
thru 6). 

MPU ADDRESSING MODES 

The IV1C6800 eight-bit microprocessing unit has seven 
address modes that can be used by a programmer, with the 
addressing mode a function of both the type of instruction 
and the coding within the instruction. A summary of the 
addressing modes for a particular instruction can be found 
in Table 7 along with the associated instruction execution 
time that is given in machine cycles. With a clock fre- 
quency of 1 MHz, these times would be microseconds. 

Accumulator (ACCX) Addressing — In accumulator 
only addressing, either accumulator A or accumulator B is 
specified. These are one-byte instructions. 

Immediate Addressing — In immediate addressing, the 
operand is contained in the second byte of the instr uction 
except LDS and LDX which have the operand in the second 
and third bytes of the instruction. The MPU addresses 



this location when it fetches the immediate instruction 
for execution. These are two or three-byte instructions. 

Direct Addressing — In direct addressing, the address of 
the operand is contained in the second byte of the 
instruction. Direct addressing allows the user to directly 
address the lowest 256 bytes in the machine i.e., locations 
zero through 255. Enhanced execution times are achieved 
by storing data in these locations. In most configurations, 
it should be a random access memory. These are two-byte 
instructions. 

Extended Addressing — In extended addressing, the 
address contained in the second byte of the instruction is 
used as the higher eight-bits of the address of the operand. 
The third byte of the instruction is used as the lower 

eight-bits of the address for the operand. This is an abso- 
lute address in memory. These are three-byte instructions. 

Indexed Addressing — In indexed addressing, the address 
contained in the second byte of the instruction is added 

to the index register's lowest eight bits in the MPU. The 
carry is then added to the higher order eight bits of the 
index register. This result is then used to address memory. 
The modified address is held in a temporary address regis- 
ter so there is no change to the index register. These are 
two-byte instructions. 

Implied Addressing — In the implied addressing mode 
the instruction gives the address (i.e., stack pointer, index 
register, etc.). These are one-byte instructions. 

Relative Addressing — In relative addressing, the address 
contained in the second byte of the instruction is added 
to the program counter's lowest eight bits plus two. The 
carry or borrow is then added to the high eight bits. This 
allows the user to address data within a range of -125 to 
+129 bytes of the present instruction. These are two- 
byte instructions. 



TABLE 2 - MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE 



ABA 


Add Accumulators 


ADC 


Add with Carry 


ADD 


Add 


AND 


Logiceil And 


ASL 


Arithmetic Shift Left 


ASR 


Arithmetic Shift Right 


BCC 


Branch if Carry Clear 


BOS 


Branch if Carry Set 


BEQ 


Branch If Equal to Zero 


BGE 


Branch if Greater or Equal Zero 


BGT 


Branch if Greater than Zero 


BHI 


Branch if Higher 


BIT 


Bit Test 


BLE 


Branch if Less or Equed 


BLS 


Branch if Lower or Same 


BLT 


Branch if Less than Zero 


BMI 


Branch if Minus 


BNE 


Branch if Not Equal to Zero 


BPL 


Branch if Plus 


BRA 


Branch Always 


BSR 


Branch to Subroutine 


BVC 


Branch if Overflow Clear 


BVS 


Brandi if Overflow Set 


CBA 


Compare Accumulators 


CLC 


Clear Cany 


CLI 


Clear Interrupt Mask 



CLR 


Clear 


CLV 


Clear Overflow 


CMP 


Compare 


COM 


Complement 


CPX 


Compare Index Register 


DAA 


Decimal Adjust 


DEC 


Decrement 


DES 


Decrement Stack Pointer 


DEX 


Decrement Index Register 


EOR 


Exclusive OR 


INC 


Increment 


INS 


Increment Stack Pointer 


INX 


Increment Index Register 


JMP 


Jump 


JSR 


Jump to Subroutine 


LDA 


Load Accumulator 


LDS 


Load Stack Pointer 


LDX 


Load Index Register 


LSR 


Logical Shift Right 


NEG 


Negate 


NOP 


No Operation 


ORA 


Incluave OR Accumulator 


PSH 


Push Data 



PUL Pull Data 

ROL Rotate Left 

ROR Rotate Right 

RTI Return from Interrupt 

RTS Return from Subroutine 

SBA Subtract Accumulators 

SBC Subtract with Carry 

SEC Set Carry 

SEI Set Interrupt Mask 

SEV Set Overflow 

STA Store Accumulator 

STS Store Stack Register 

STX Store Index Register 

SUB Subtract 

SWI Software Interrupt 

TAB Transfer Accumulators 

TAP Transfer Accumulators to Condition Code Reg. 

TBA Transfer Accumulators 

TPA Transfer Condition Code Reg. to Accumulator 

TST Test 

TSX Transfer Stack Pointer to Index Register 

TXS Transfer Index Register to Stack Pointer 

WAI Wait for Interrupt 
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TABLE 3- ACCUMULATOR AND MEMORY INSTRUCTIONS 



ADDRESSII\IG MOOES 



BOOLEAN/ARITHMETIC OPERATION CONO, COOE REG. 



OPERATIONS 


MNEMOHIC 


IMMEO 


DIRECT 


INDEX 


EXTND 


IMPLIED 


OP ^ 




OP 






OP 




-~ 


OP 






OP 




Add 


ADDA 


38 2 


2 


9B 


3 


2 


AB 


5 


2 


BB 


4 


3 








ADDB 


CB 2 


2 


OB 


3 


2 


EB 


5 


2 


FB 


4 


3 






Add Acmltrs 


ABA 
























IB 


2 1 


Add with Carry 


ADCA 


89 2 


2 


99 


3 


2 


A9 


5 


2 


B9 


4 


3 








ADCB 


CS 2 


2 


09 


3 


2 


E9 


5 


2 


F9 


4 


3 






And 


ANOA 


84 2 


2 


94 


3 


2 


A4 


5 


2 


B4 


4 


3 








ANDB 


C4 2 


2 


04 


3 


2 


E4 


5 


2 


F4 


4 


3 






Bit Test 


BITA 


86 2 


2 


95 


3 


2 


A5 


5 


2 


B5 


4 


3 








BITB 


C5 2 


2 


05 


3 


2 


E5 


5 


2 


F5 


4 


3 






a«u 


CLR 












6F 


7 


2 


7F 


6 


3 








CLRA 
























4F 


2 1 




CLRB 
























5F 


2 1 


Compare 


CMPA 


81 2 


2 


91 


3 


2 


Al 


5 


2 


Bl 


4 


3 








CMPB 


CI 2 


2 


Dl 


3 


2 


El 


5 


2 


Fl 


4 


3 






Compare Acmltrs 


CBA 
























11 


2 1 


Complement, I's 


COM 












63 


7 


2 


73 


6 


3 








COMA 
























43 


2 1 




COMB 
























63 


2 1 


Complement, 2's 


NEG 












60 


7 


2 


70 


6 


3 






(Negate) 


NEGA 
























40 


2 1 




NEGB 
























60 


2 I 


Decimal Adjust, A 


DAA 
























19 


2 1 


Decrement 


DEC 












6A 


7 


2 


7A 


6 


3 








DECA 
























4A 


2 1 




OECB 
























5A 


2 1 


Exclusive OR 


EORA 


88 2 


2 


98 


3 


2 


A8 


1^ 


2 


B8 


4 


3 








EORB 


C8 2 


2 


D8 


3 


2 


E8 


5 


2 


F8 


4 


3 






Increment 


INC 












6C 


7 


2 


7C 


6 


3 








INCA 
























4C 


2 1 




INCB 
























5C 


2 1 


Load Acmltr 


LDAA 


86 2 


2 


96 


3 


2 


A6 


6 


2 


B6 


4 


3 








LDAB 


C6 2 


2 


06 


3 


2 


E6 


5 


2 


F6 


4 


3 






Or, Inclusive 


ORAA 


8A 2 


2 


9A 


3 


2 


AA 


5 


2 


BA 


4 


3 








ORAB 


CA 2 


2 


DA 


3 


2 


EA 


6 


2 


FA 


4 


3 






Push Data 


PSHA 
























36 


4 1 




PSHB 
























37 


4 1 


Pull Data 


PULA 
























32 


4 1 




PULB 
























33 


4 1 


Rotate left 


RO L 












69 


7 


2 


79 


6 


3 








ROLA 
























49 


2 1 




RQ LB 
























69 


2 1 


Rotate Right 


RO R 












66 


7 


2 


76 


6 


3 








RQRA 
























46 


2 1 




RORB 
























56 


2 1 


Shift Left, Arithmetic 


ASL 












68 


7 


2 


78 


6 


3 








ASIA 
























48 


2 1 




AS LB 
























58 


2 1 


Shift Right, Arithmetic 


ASR 












6/ 


7 


2 


77 


6 


3 








ASRA 
























47 


2 1 




ASRB 
























57 


2 1 


Shift Right, Logic 


LSR 












64 


7 


2 


74 


6 


3 








LSRA 
























44 


2 1 




LSRB 
























54 


2 1 


Store Acmltr, 


STAA 






97 


4 


2 


A7 


G 


2 


B7 


6 


3 








STAB 






07 


4 


2 


E7 


E 


2 


F7 


5 


3 






Subtract 


SUBA 


80 2 


2 


90 


3 


2 


AO 


5 


2 


BO 


4 


3 








SUBB 


CO 2 


2 


DO 


3 


2 


EO 


5 


2 


FO 


4 


3 






Subtract Acmltrs. 


SBA 
























10 


2 1 


Sufatr. with Carry 


SBCA 


B2 2 


2 


92 


3 


2 


A2 


5 


2 


B2 


4 


3 








SBCB 


C2 2 


2 


02 


3 


2 


E2 


5 


2 


F2 


4 


3 






Transfer Acmltrs 


TAB 
























16 


2 1 




TBA 
























17 


2 1 


Test, Zero or Minus 


TST 












60 


7 


2 


70 


6 


3 








TSTA 
























40 


2 1 




TSTB 
























6D 


2 1 



(All register labels 
refer to contents} 



A + M-A 

B + M -B 
A + B -■ A 
A + M + C -A 
B + M + C--B 
A ■ M - A 
B ■ M-B 
A • M 
B • M 
00 

00-A 
OO^B 
A - M 
B-M 

A-B 

SS^IVI 
A-A 
B-B 

0O-M<M 
00- A-»A 
00 - B-B 

Converts Binary Add. of BCD Characters 
into BCO Format 

M - 1 
A - 1 ^A 
B-1->B 
A@M->A 
B©M^B 
M + 1 
A+ 1 ^A 
B + 1-B 
M->A 
M^B 
A+M^A 
B +M-B 

A-Msp. SP - 1 - SP 
B^Msp. SP - 1 -SP 
SP+ 1 -'SP, MsP^A 
SP+ 1 ^SP, Msp^B 




S 

S 
S 

(B® 
(D® 
®® 
® 



© 1 

® ! 

® I 

© ! 

© i 

® t 

© 1 

© t 

© I 

® : 

© ! 

© t 

® t 

© t 



GONDITION CODE SYMBOLS: 



OP 


Operation Code (Hexadecimal); 


+ 


Boolean Inclusive OR; 








Number of MPU Cycles; 


© 


Boolyati Exclusive OR; 


H 


Half-carry from bit 3; 




Number of Program Bytes; 




Complement of M; 


1 


Interrupt mask 


+ 


Arithmetic Plus; 




Transfer Into; 


N 


Negative (»gn bit) 




Arithmetic Minus; 





Bit = Zero; 


Z 


Zero (byte) 




Boolsn AND; 


00 


Byte = Zero: 


V 


Overflow. 2's complement 


MSP 


Contertts of memory location pointal to be Stack Winter: 






c 


Carry from bit 7 










R 


Reset Always 


Note 


- ^^oiulator addressing mode instructions are induded in 


ttte c^umn for IMPLIED addr^ng 


S 


Set Always 










I 


Test and set if true, cleared otherwise 










• 


Not Affected 
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TABLE 4- INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 



COND.CODE REG. 



POINTER OPERATIONS 


MNEMONIC 


IMMEO 


DIRECT 


INDEX 


EXTND 


IMPLIED 


BOOLEAN/ARITHMETIC OPERATION 


5 


4 


3 


2 


1 





OP 






OP 






OP 






OP 






OP 






H 


1 


N 


z 


V 


c 


Compare Index Reg 


CPX 


8C 


3 


3 


9C 


4 


2 


AC 


6 


2 


ec 


5 


3 








Xh-M, Xl-(IVI + 1) 






® 


I 


® 


• 


Decrement Index Reg 


DEX 


























09 


4 


1 


x-i-^x 






• 


t 


m 


• 


Decrement Stack Pntr 


DES 


























34 


4 


1 


SP-1-»SP 














Increment Index Reg 


INX 


























08 


4 


1 


X + 1-»X 






• 


I 


• 


• 


Increment Stack Pntr 


INS 


























31 


4 


1 


SP+ 1 -SP 














Load Index Reg 


LDX 


CE 


3 


3 


DE 


4 


2 


EE 


6 


2 


FE 


5 


3 








M -Xh, IM + 1) X|_ 






® 


I 


R 


• 


Load Stack Pntr 


LDS 


8E 


3 


3 


9E 


4 


2 


AE 


6 


2 


BE 


S 


3 








M -SPh, (M + 1) ^SPl 






® 


1 


R 


• 


Store Index Reg 


STX 








□ F 


5 


2 


EF 


7 


2 


FF 


6 


3 








Xh-M, X|_-|IVI + 1) 






® 


t 


R 


• 


Store Stack Pfitr 


STS 








9F 


5 


2 


AF 


7 


2 


BF 


6 


3 








SPh-M, SPl^(IV1+1) 






® 




R 


• 


Indx Reg Stack Pntr 


TXS 


























35 


4 


1 


X - 1 - SP 














Stack Pntr Indx Reg 


TSX 


























30 


4 


1 


SP + 1 - X 















TABLE 5 - JUMP AND BRANCH INSTRUCTIONS 

CDND. CODE REG. 







RELATIVE 


INDEX 


EXTND 


IMPLIED 




5 


4 


3 


2 


1 





OPERATIONS 


MNEMONIC 


OP 




# 


OP 




# 


OP 




# 


OP 




# 


BRANCH TEST 


H 




N 


Z 


V 


c 


Branch Always 


BRA 


20 


4 


2 




















None 














Branch If Carry Clear 


BCC 


24 


4 


2 




















= 














Branch If Carry Set 


BCS 


25 


4 


2 




















C = 1 














Branch If = Zero 


BEQ 


27 


4 


2 




















Z= 1 














Branch If > Zero 


BGE 


2C 


4 


2 




















N © V = 














Branch If > Zero 


BGT 


2E 


4 


2 




















Z + (N© V) = 














Branch If Higher 


BHI 


22 


4 


2 




















C + Z = 














Branch If <Zero ' 


BLE 


2F 


4 


2 




















Z + (N © V) = 1 














Branch If Lower Or Same 


BLS 


23 


4 


2 




















C + Z= 1 














Branch If <Zero 


BLT 


2D 


4 


2 




















N® V=l 














Branch If Minus 


BMI 


2B 


4 


2 




















N = ) 














Branch If Not Equal Zero 


BNE 


26 


4 


2 




















Z = 














Branch If Overflow Clear 


BVC 


28 


4 


2 




















V = 














Branch If Overflow Set 


BVS 


29 


4 


2 




















V=l 














Branch If Hus 


BPL 


2A 


4 


2 




















N = 














Branch To Subroutine 


BSR 


80 


8 


2 


































Jump 


JMP 








6E 


4 


2 


7E 


3 


3 








1 See Special Operations 














Jump To Subroutine 


JSR 








AD 


8 


2 


BO 


9 


3 






















No Operation 


NOP 




















01 


2 


1 


Advances Prog. Cntr. Only 














Return From Interrupt 


RTI 




















38 


10 


1 






- m 


































Return From Subroutine 


RTS 




















39 


5 


1 
















Software Interrupt 


SWI 




















3F 


12 


1 


1 See Special Operations 














Wait for Interrupt* 


WAI 




















3E 


9 


1 




• 


® 


• 


• 


• 


• 



*WAI puts Address Bus, R AV, and Data Bus in the tktn-stste mode while VMA is held low. 
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SPECIAL OPERATIONS 

«R,JUMP TO SUBROUTINE: 
PC Main Program 



INOXD 



EXTND 



n + 1 
n + 2 



AD = JSR 



K = Offset* 



Next Main Instr. 



■K = 8-Bit Unsigned Value 



PC 


Main Program 


n 


BD = JSR 


n + 1 


SH = Subr. Addr. 


n + 2 


SL = Subr. Addr. 


n + 3 


Next Main Instr. 



ln + 2l H 



ln + 21 L 



SP Stack 
SP-2 
SP-1 
SP 

ln + 21 H and [n + 21 1_ Form n + 2 

gp Stack 
SP-2 
SP-1 
SP 



ln + 31 H 



|n + 3] L 



' Stack Pointer After Execution. 



PC Subroutine 



INX * K 



In Subr. Instr. 



P£ Subroutine 
S I \». Subr. InstT 



(S Fomud From Sh and S|^) 



, BRANCH TO SUBROUTINE: 

P£ Main Program 



n + 1 
n+2 



8D = BSR 



± K = Offset* 



Next Main Instr. 



*K- 7-Bit Signed Value; 



SP 
SP-2 
SP-1 

SP 



Stack 



ln + 21 H 



1^2] L 



n+2 Formed From [n+21 14 and [n+2l 



PC Subroutine 
n + 2i:K I 1st Subr. Instr. 



JMP. JUMP: 



INOXD 



P£ 


Main Program 




££ 


Main Program 


n 


6E = JMP 




n 


7E = JMP 


n + 1 


K = Offset 




n + 1 


Kh = Next Address 






EXTENDED I 


n + 2 


K|, = Next Address 



X + K I Next Instruction 



HTS, RETURN FROM SUBROUTINE 
PC Subroutin e 
S 



39' HTS 



RTI, RETURN FROM INTERRUPT: 

PC Interrupt Program 
S I 3B=RTI 



SP 
SP 
SP+ 1 
SP + 2 



Stack 



K I Next Instruction | 



PC Main Program 



Next Main Instr. 



ip 


Stack 


PC 


Main Program 


SP 




n 


Next Main Instr. 


SP + 1 


Condition Code 






SP + 2 


Acmltr B 






SP + 3 


Acmltr A 






SP + 4 


Index Register IXh) 






SP + 5 


Index Register (X^) 






SP + 6 


Nh 






SP + 7 


Nl 







TABLE 6 - CONOiTION CODE REGISTER MANIPULATION INSTRUCTIONS 

COND. CODE REG. 



OPERATIONS 


MNEMONIC 


IMPLIED 




OP 




# 


BOOLEAN OPERATION 


Clear Carry 


CLC 


OC 


2 




0-»C 


Clear Interrupt Mask 


CLI 


OE 


2 




0-»l 


Clear Overflow 


CLV 


OA 


2 




0->^V 


Set Carry 


SEC 


OD 


2 




I^C 


Set Interrupt Mask 


SEI 


OF 


2 




1^1 


Set Overflow 


SEV 


OB 


2 






Acmltr A ^CCR 


TAP 


06 


2 




A^CCR 


CCR-» Acmltr A 


TPA 


07 


2 




CCR^A 



N 



CONDITION CODE REGISTER MOTES: (Bit set if test is true and cleared otherwise) 



1 (BitV) Test: Result c 10000000? 

2 (Bit C) Test: Result = 00000000? 

3 (Bit CI Test: Decimal value of most significant BCD Character 

(Not cleared if previously set.) 

4 (Bit VI Test: Operand = 10000000 prior to execution? 

5 (BitV) Test: Operand = 01111111 prior to execution? 

6 (BitV) Test: Set equal to result of N®C after shift has occurred 



than nine? 



7 
8 
9 
10 

11 



12 (All) 



(Bit N) Test: Sign bit of most significant (MS) byte - 1 ? 

(Bit V) Test: 2's complement overflow from subtraction of MS bytes? 

(Bit N) Test Result less than zero? (Bit 15 = 1) 

(All) Load Condition Code Register from Stack. (See Special Operations) 
(Bit II Set when interrupt occurs. If previously set, a Non-Maskabie 
Interrupt is required to exit the wait state. 
Set according to the contents of Accumulator A. 
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TABLE 7 - INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 

(Times in Machine Cydes) 



1 1 

O ~ -a -a " o I i'S'S 

2* INC 2«*67« 

x.2345<* INS ••(••4 

x«2345a. INX ■••••4 



ABA 




t m 


• 


• 


• 


2 


• 


INC 


2 


• 


• 


6 


7 


• 


ADC 


X 4 


> 2 


3 


4 


5 


• 


• 


INS 


• 


• 


• 


• 


• 


4 


ADD 


X < 


> 2 


3 


4 


5 


• 


• 


INX 


• 


• 


• 


• 


• 


4 


AND 


X 1 


> 2 


3 


4 


5 


• 


• 


JMP 


• 


• 


• 


3 


4 


• 


ASL 




• 


• 


6 


7 


• 


• 


JSR 


• 


• 


• 


9 


8 


• 


ASR 






• 


6 


7 


• 


• 


LDA 


X • 


2 


3 


4 


5 


• 


BGC 




> • 


• 


• 


• 


• 


4 


LDS 


• 


3 


4 


5 


6 


• 


BCS 






• 


• 


• 


• 


4 


LDX 


• 


3 


4 


5 


6 


• 


SEA 




• • 


• 


• 


• 


• 


4 


Lsn 




• 


• 


6 


7 


• 


BGE 






• 


• 


• 


• 


4 


NEG 




• 


• 


6 


7 


• 


BGT 




» • 


• 


• 


• 


• 


4 


NOP 


• 


• 


• 


• 


• 


2 


SHI 




• 


• 


• 


• 


• 


4 


ORA 


X • 






4 


5 


• 


BIT 


X 1 










• 


• 


PSH 


• 


• 


• 


• 


• 


4 


BLE 




> • 


• 


• 


• 


• 


4 


PUL 


• 


• 


• 


• 


• 


4 


BUS 




> • 


• 


• 


• 


• 


4 


ROL 




• 


• 


6 


7 


• 


BLT 














4 


ROR 








6 


7 


• 


BMI 














4 


RTI 








• 


• 


10 


8NE 














4 


RTS 








• 


• 


5 


BPL 














4 


SBA 








• 


• 


2 


BRA 














4 


SBC 


X • 






4 


5 


• 


BSR 














8 


SEC 








• 


• 


2 


BVC 














4 


SEI 








• 


• 


2 


BVS 














4 


SEV 








• 


• 


2 


CBA 












2 




STA 


X • 




4 


5 


6 


• 


cue 












2 




STB 






5 


6 


7 


• 


CLI 












2 




STX 






5 


6 


7 


• 


CLR 








6 


7 


• 




SUB 


X • 




3 


4 


S 


• 


CLV 








• 


• 


2 




SWI 












12 


CMP 


X 






4 


5 


• 




TAB 












2 


COM 








6 


7 


• 




TAP 












2 


CPX 








5 


6 


• 




TBA 












2 


DAA 








• 


• 


2 




TPA 












2 


DEC 








6 


7 


• 




TST 












• 


DES 








• 


• 


4 




TSX 












4 


DEX 








• 


• 


4 




TSX 












4 


EOR 


X 


> 2 


3 


4 


5 


• 




WAI 












9 



NOTE: Interrupt time is 12 cycles from the end of 

the instruction being executed, except foitowing 
a WAI instruction. Then it is 4 cycles. 
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PACKAGE OiMENSijOAIS 

CASE 715-1 
(CERAMICl 



See Page 166 for 
Plastic Package dimensi# 




irF 





DIM 


MILLIMETERS 


INCHES 


MIIM 


MAX 


MIIM 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 




10° 




10° 


l\l 


0.51 


1.52 


0.020 


0.060 



NOTE: 

1. LEADS.TRUE POSITIONED WITHIN 
0.25 mm (0.010) DIA (AT SEATING 
PLANE), AT MAX. MAT'L 
CONDITION. 




s inc. 
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SUMMARY OF CYCLE BY CYCLE OPERATION 



Table 8 provides a detailed description of the informa- 
tion present on the Address Bus, Data Bus, Valid Memory 
Address line (VMA), and the Read/Write line (R/W) dur- 
ing each cycle for each instruction. 

This information is useful in comparing actual with ex- 
pected results during debug of both software and hard- 



ware as the control program is executed. The information 
is categorized in groups according to Addressing Mode and 
Number of Cycles per instruction. (In general, instructions 
with the same Addressing Mode and Number of Cycles 
execute in the same manner; exceptions are indicated In 
the table.) 



TABLE 8 - OPERATION SUMMARY 



Address Mode 
and Instructions 


Cycles 


Cycle 

# 


VMA 
Line 


Addreti Bus 


R/W 
Line 


Data Bus 


IMMEDIATE 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


2 


1 

2 




Op Code Address 
Op Code Address + 1 




Op Code 
Operand Data 


CPX 
LDS 
LDX 


3 


1 

2 
3 




Op Code Address 
Op Code Address + 1 
Op Code Address + 2 




Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


3 


1 
2 
3 




Op Code Address 

Op Code Address + 1 
Address of Operand 




Op Code 

Address of Operand 
Operand Data 


CPX 
LDS 
LDX 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 

Address of Operand 
Operand Address + 1 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


STA 


4 


1 
2 
3 
4 




Op Code Address 

Op Code Address + 1 
Destination Address 
Destination Address 




Op Code 

Destination Address 
Irrelevant Data (Note 1) 
Data from Accumulator 


STS 
STX 


5 


1 
2 
3 
4 
5 




Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand 
Address of Operand + 1 






Op Code 

Address of Operand 
Irrelevant Data (Note 1 ) 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 


INDEXED 


JMP 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Index Register 

Index Register Plus Offset Mo Carry) 




Op Code 
Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


5 


1 
2 
3 
4 
5 




Op Code Address 

Op Code Address + 1 
Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 




Op Code 

Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Operand Data 


CPX 
LDS 
LDX 


6 


1 
2 
3 
4 
5 
6 




Op Code Address 
Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 
Index Register Plus Offset + 1 




Op Code 
Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 




M&T€>fi0LA Semiconductor Proitucts irwc. 
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TABLE 8 - OPERATION SUMMARY (Continued) 



Address Mode 
and Instructions 


Cycles 


Cycle 

# 


VMA 
Line 


Address Bus 


R/W 
Line 


Data Bus 


INDEXED (Continued) 


STA 




1 


1 


Op Code Address 




Op Code 






2 


1 


Op Code Address + 1 




Offset 




6 


3 





Index Register 


\ 


Irrelevant Data (Note 1) 






4 





Index Register Plus Offset (w/o Carry) 




Irrelevant Data (Note 1) 






5 





Index Register Plus Offset 


1 


Irrelevant Data (Note 1) 






6 


1 


Index Register Plus Offset 




Operand Data 


ASL LSR 




1 


1 


Op Code Address 


1 


Op Code 


ASR NEG 
CLR ROL 
COM ROR 


7 


2 

3 


1 




Op Code Address + 1 

Index Register 


1 

1 


Offset 

Irrelevant Data (Note 1) 


DEC TST 
INC 




4 





Index Register Plus Offset (w/o Carry) 


1 


Irrelevant Data (Note 1) 




5 


1 


1 ndex Register Plus Offset 


1 


Current Operand Data 






6 





Index Register Plus Offset 


1 


Irrelevant Data (Note 1) 






7 


1/0 
(Note 
3) 


Index Register Plus Offset 




New Operand Data (Note 3) 


STS 




1 


1 


Op Code Address 




Op Code 


STX 




2 


1 


Op Code Address + 1 




Offset 




7 


3 





Index Register 




Irrelevant Data (Note 1) 






4 





Index Register Plus Offset (w/o Carry) 




Irrelevant Data (Note 1 ) 






5 





Indpx Reaister Plus Offset 




Irrelevant Data (Note 1 ) 






6 


1 


Index Register Plus Offset 




Operand Data (High Order Byte) 






7 


1 


Index Register Plus Offset + 1 




Operand Data (Low Order Byte) 


JSR 




1 


1 


Op Code Address 




Op Code 






2 


1 


Op Code Address + 1 




Offset 






3 





Index Register 




Irrelevant Data (Note 1 ) 




8 


4 


1 


Stack Pointer 




Return Address (Low Order Byte) 






5 


1 


Stack Pointer — 1 




Return Address (High Order Byte) 






6 





Stack Pointer — 2 




Irrelevant Data (Note 1) 






7 





Index Register 




Irrelevant Data (Note 1) 






8 





Index Register Plus Offset (w/o Carry) 




Irrelevant Data (Note 1 ) 


EXTENDED 


JMP 




1 




Op Code Address 




Op Code 




3 


2 
3 




Op Code Address 1 

Op Code Address + 2 




Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 


ADC EOR 




1 




Op Code Address 




Op Code 


ADD LOA 
AND OR A 


4 


2 




Op Code Address -*- 1 




Address of Operand (High Order Byte) 


BIT SBC 




3 




Op Code Address -I- 2 




Address of Operand (Low Order Byte) 


CMP SUB 




4 




Address of Operand 




Operand Data 


CPX 




1 




Op Code Address 




Op Code 


LDS 
LDX 




2 




Op Code Address 1 




Address of Operand (High Order Byte) 




5 


3 
4 
5 




Op Code Address + 2 
Address of Operand 
Address of Operand + 1 




Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


STA A 
STA B 




1 




Op Code Address 




Op Code 




2 




Op Code Address + 1 




Destination Address (High Order Byte) 




S 


3 
4 

5 




Op Code Address + 2 
Operand Destination Address 
Operand Destination Address 




Destination Address (Low Order Byte) 
Irrelevant Data (Note 1) 
Data from Accumulator 


ASL LSR 
ASR NEG 
CLR ROL 




1 




Op C^de Address 




Op Code 




2 




Op Code Address -•- 1 




Address of Operand (High Order Byte) 


COM ROR 
DEC TST 
INC 


6 


3 
4 




Op Code Address + 2 
Address of Operand 




Address of Operand (Low Order Byte) 
Current Operand Data 






5 





Address of Operand 




Irrelevant Data (Note 1) 






6 


1/0 
(Note 
3) 


Address of Operand 





New Operand Data (Note 3) 
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TABLE 8 - OPERATION SUMMARY (Continued) 



Address Mode 




Cycle 


VMA 




R/W 


Data Bus 


and Instructions 


Cycles 


# 


Line 


Address Bus 


Line 


EXTENDED (Continued) 


STS 




1 


1 


Op Code Address 


1 


Op Code 


STX 




2 


1 


Op Code Address + 1 


1 


Address of Operand (IHIgh Order Byte) 






3 


1 


Op Code Address + 2 


1 


Address of Operand (Low Order Byte) 




6 


4 





Address of Operand 


1 


Irrelevant Data (Note 1) 






5 


1 


Address of Operand 





Operand Data (High Order Byte) 






6 


1 


Address of Operand + 1 





Operand Data (Low Order Byte) 


JSR 




1 


1 


Op Code Address 


1 


Op Code 






2 


1 


Op Co(te Address + 1 


1 


Address of Subroutine (High Order Byte) 






3 


1 


Op Code Address + 2 


1 


Address of Subroutine (Low Order Byte) 






4 


1 


Subroutine Starting Address 


1 


Op Code of Next Instruction 




9 


5 


1 


Stack Pointer 





Return Address (Low Order Byte) 






6 


1 


Steele Pointer — 1 





Return Address (High Order Byte) 






7 





Stack Pointer — 2 


1 


Irrelevant Data (Note 1) 






8 





Op Code Address + 2 


1 


Irrelevant Data (Note 1) 






9 


1 


Op Code Address + 2 


1 


Address of Subroutine (Low Order Byte) 



INHERENT 



ABA DAA SEC 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 


2 


1 

2 


1 
1 


Op Code Address 
Op Code Address + 1 


1 

1 


Op Code 

Op Code of Next Instruction 


DEX 

INS 

INX 


4 


2 
3 
4 


1 
1 





Op Code Address 

Op Code Address + 1 
Previous Register Contents 
New Register Contents 




Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1 ) 


PSH 


4 


1 
2 
3 
4 


1 
1 
1 



Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer — 1 




Op Code 

Op Code of Next Instruction 
Accumulator Data 
Accumulator Data 


PUL 


4 


1 
2 
3 
4 


1 
1 



1 


Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 




Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Operand Data from Stack 


TSX 


4 


1 
2 
3 
4 


1 
1 





Op Code Address 
Op Code Address + 1 
Stack Pointer 
New Index Register 




Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 


TXS 


4 


1 

2 
3 
4 


1 
1 





Op Code Address 
Op Code Address + 1 

Index Register 
New Stack Pointer 




Op Code 

Op Code of Next Instruction 

Irrelevant Data 
Irrelevant Data 


RTS 


5 


1 

2 
3 
4 

5 


1 

1 



1 
1 


Op Code Address 
Op Code Address -t- 1 
Stack Pointer 
Stack Pointer + 1 

Stack Pointer + 2 


1 


Op Code 

Irrelevant Data (Note 2) 

Irrelevant Data (Note 1) 

Address of Next Instruction (High 
Order Byte) 

Address of Next Instruction (Low 
Order Byte) 
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TABLE 8 - OPERATION SUMMARY (Qontinued) 



Address Mode 
and Instructions 


Cycles 


Cycle 

# 


VMA 
Line 


Address Bus 


R/W 
Line 


Data Bus 


INHERENT (Continued) 


WAI 




1 




Op Code Address 


1 


Op Code 






2 


\ 


Op Code Address + 1 


1 


Op Code of Next Instruction 






3 




Stack Pointer 





Return Address (Low Order Byte) 






4 




Stack Pointer — 1 





Return Address (High Order Byte) 




9 


5 




Stack Pointer - 2 





Index Register (Low Order Byte) 






6 




Stack Pointer — 3 





Index Register (High Order Byte) 






7 




Stack Pointer — 4 





Contents of Accumulator A 






8 




Stack Pointer — 5 





Contents of Accumulator B 






9 




Stack Pointer - 6 (Note 4) 




Contents of Cond. Code Register 


RTI 




1 
2 
3 
4 




Op Code Address 

Op Code Address + 1 
Stack Pointer 

^tnnk Pnintar + 1 




Op Code 

Irrelevant Data (Note 2) 
Irrelevant Data (Note 1) 

Contents of Cond. Code Register from 

Stack 




10 


5 
6 
7 

8 
g 

10 


1 
1 

1 


Stack Pointer + 2 

Stack Pointer + 3 
Stack Pointer + 4 

Stack Pointer + 5 

^tarlc PnintAr 4- d 

Stack Pointer + 7 


, 

1 
1 

1 


Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

index Register from Stack (High Order 
Byte) 

Index Register from Stack (Low Order 
Byte) 

Nevt Invrruption Adrlrpfis fmm Stack 

(High Order Byte) 

Next Instruction Address from Stack 
(Low Order Byte) 


SWI 




1 
2 




Op Code Address 
Op Code Address + 1 




Op Code 

Irrelevant Data (Note 1 ) 






3 




Stack Pointer 





Return Address (Low Order Byte) 






4 


; 


Stark Polntpr 1 





Return Address (High Order Byte) 






5 




Stack Pointer - 2 





Index Register (Low Order Byte) 




12 


6 




Stack Pointer — 3 





Index Register (High Order Byte) 




7 




Stack Pointer — 4 





Contents of Accumulator A 






8 




Stack Pointer — 5 





Contents of Accumulator B 






9 




Stack Pointer — 6 





Contents of Cond. Code Register 






10 




Stack Pointer — 7 


1 


Irrelevant Data (Note 1) 






11 




Vector Address FFFA (Hex) 


1 


Address of Subroutine (High Order 
Byte) 






12 




Vector Address FFFB (Hex) 


1 


Address of Subroutine (Low Order 
Byte) 


RELATIVE 


BCC BHI BNE 

BCS BLE BPL 
BEQ BLS BRA 

BGE BLT BVC 


4 


1 

2 
3 




Op Code Address 

Op Code Address + 1 
Op Code Address + 2 


1 
1 
1 


Op Code 
Branch Offset 
Irrelevant Data (Note 1) 


BGT BMI BVS 




4 




Branch Address 


1 


Irrelevant Data (Note 1) 


BSR 




1 




Op Code Address 


1 


Op Code 






2 




Op Code Address + 1 


1 


Branch Offset 






3 




Return Address of Main Program 


1 


Irrelevant Data (Note 1) 




8 


4 




Stack Pointer 





Return Address (Low Order Byte) 




5 




Stack Pointer — 1 





Return Address (High Order Byte) 






6 





Stack Pointer — 2 


1 


Irrelevant Data (Note 1) 






7 





Return Address of Main Program 


1 


Irrelevant Data (Note 1) 






8 





Subroutine Address 


1 


Irrelevant Data (Note 1) 



If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 

Data is ignored by the MPU. 

For TST, VMA = and Operand data does not change. 

While the MPU is waiting for the interrupt. Bus Available will go high indicating the following states of the control lines: VMA is 
low; Address Bus, R/W, and Data Bus are all in the high impedance state. 




Note 1. 

Note 2. 
Note 3. 
Note 4. 
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PERIPHERAL INTERFACE ADAPTER (PI A) 

The MC6820 Peripheral Interface Adapter provides the universal 
means of interfacing peripheral equipment to the MC6800 Micro- 
processing Unit (MPU). This device is capable of interfacing the MRU 
to peripherals through two 8-bit bidirectional peripheral data buses 
and four control lines. No external logic is required for interfacing to 
most peripheral devices. 

The functional configuration of the PI A is programmed by the 
MPU during system initialization. Each of the peripheral data lines 
can be programmed to act as an input or output, and each of the 
four control/interrupt lines may be programmed for one of several 
control modes. This allows a high degree of flexibility in the over-all 
operation of the interface. 

• 8-Bit Bidirectional Data Bus for Communication with the MPU 

• Two Bidirectional 8- Bit Buses for Interface to Peripherals 

• Two Programmable Control Registers 

• Two Programmable Data Direction Registers 

• Four Individually-Controlled Interrupt Input Lines; Two Usable 

as Peripheral Control Outputs 

• Handshake Control Logic for Input and Output Peripheral 

Operation 

• High- Impedance 3-State and Direct Transistor Drive Peripheral 

Lines 

• Program Controlled Interrupt and Interrupt Disable Capability 

• CMOS Drive Capability on Side A Peripheral Lines 



MOS 

(N-CHANNEL. SILICON -GATE) 



PERIPHERAL INTERFACE 
ADAPTER 




NOT SHOWN: 



L SUFFIX 
CERAMIC PACKAGE 
CASE 715 



PSUFFIX 
PLASTIC PACKAGE 
CASE 711 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MC6820 PERIPHERAL INTERFACE ADAPTER 
BLOCK DIAGRAM 



MC6800 
Microprocessor 



Address Data 
Bus But 



Read Only 
Memory 



Random 
Access 
Memory 



MC6a20 
Interface 



Interface 
Adapter 



Data Bus 



Modem 



Memory 
Address 

and 
Control 
Interrupt 



Data 
Bus 
Buffers 



Selection 

and 
Control 
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ELECTRICAL CHARACTERISTICS (Vpc ° 5-0 V *5%, Vss = 0, = to 70°C unless otherwise noted.) 



CSiafaetariftie 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage Enable 

Other Inputs 


V|H 


Vss + 2.4 
Vss + 2.0 




Vcc 
Vcc 


Vdc 


Input Low Voltage Enable 

Other Inputs 


V|L 


Vss -0-3 
Vss -0.3 


- 


Vss + 0.4 
Vss + 0.8 


Vdc 


Input Leakage Current R/W,Reset, RSO, RSI, CSO.CSI, CS2, CA1, 
(V in = to 5.25 Vdc) CB1 , Enable 


lin 




1.0 


2.5 


MAdc 


Three-State (Off State) Input Current D0-D7, PB0-PB7, CB2 

(V|n = 0.4 to 2.4 Vdc) 


Itq i 

' 1 Ol 




2.0 


10 


MAdc 


Input High Current PA0-PA7, CA2 
(V|H = 2.4 Vdc) 


hu 
'In 


-100 


-250 




MAdc 


Input Lovw Current PA0-PA7, CA2 
(Vm = 0.4Vdc) 


l|L 




-1.0 


-1.6 


mAdc 


Output High Voltage 

t\i _j = -90^1 uAHr Fnahip Piikp Wirith <" Hfl-n? 

('Load ~ MAdc, Enable Pulse Width <25 ms) Other Outputs 


VOH 


Vss 2-4 
Vss + 2.4 


- 


- 


Vdc 


Output Low Voltage 

('Load ° 1-6 mAdc, Enable Pulse Width < 25 its) 


Vol 






Vss 0-4 


Vdc 


Output High Current (Sourcins) 

(VqH = 2.4 Vdc) D0-D7 

Other Outputs 

(Vq = 1 .5 Vdc, the current for driving other than TTL, e.g., 
Darlington Base) PB0-PB7, CB2 


'OH 


-205 
-100 

-1 .0 




-to 


MAdc 
MAdc 

mAdc 


Output Low Current (Sinking) 
(Vol = 0-^ Vdc) 


•OL 


1.6 






mAdc 


I^IUipUI L.eaKdy6 t-rUrrcni OXato/ InUAf In'UD 

(Vnu - 2 4 Vdc) 


'loh 




1 .U 


lU 


MAdc 


Power Dissipation 


Pd 


- 


- 


650 


mW 


Input Cap3cit3nce Enable 
(Vjn = 0, Ta = 25°C, f = 1 .0 MHz) D0-D7 

PA0-PA7 PB0-PB7 CA2 CB? 
R/W, Reset, RSO, RSI, CSO, CS1, CS2, CA1, CB1 


Cin 


- 




- 




20 
12.5 
10 
7.5 


pF 


Output Capacitance IRQA, IRQB 
(V|n = 0, Ta = 25°C, f = 1 .0 MHz) PB0-PB7 


Cout 


- 


- 


5.0 
10 


pF 


Peripheral Data Setup Time (Figure 1) 


tPDSU 


200 


- 




ns 


Delay Time, Enable negative transition to CA2 negative transition 
(Figure 2, 3) 


tr* AO 






1.0 


MS 


Delay Time, Enable negative transition to CA2 positive transition 

(Figure 2) 








1.0 


MS 


Rise and Fall Times for CA1 and CA2 input signals (Figure 3) 


tf.tf 






1.0 


MS 


Delay Time from CA1 active transition to CA2 positive transition 
(Figure 3) 


tRS2 


- 


- 


2.0 


MS 


Delay Time, Enable negative transition to Peripheral Data valid 

(Figures 4, 5) 


tPDW 


- 


- 


1.0 


MS 


Delay Time, Enable negative transition to Peripheral CIVIOS Data Valid 
(Vcc - 30% Vcc, Figure 4; Figure 12 Load C) PA0-PA7, CA2 


tQiyiQS 






2.0 


MS 


Delay Time, Enable positive transition to CB2 negative transition 
(Figure 6, 7) 








1.0 


MS 


Delay Time, Peripheral Data valid to CB2 negative transition 

( F igure 5 ) 


toe 


20 


- 


- 


..ns 


Delay Time, Enable positive transition to CB2 positive transition 
(Figure 6) 


tRSI 






1.0 


MS 


Rise and Fall Time for CB1 and CB2 input signals (Figure 7) 


tr-tf 






1.0 


MS 


Delay Time, CB1 active transition to CB2 positive transition 

(Figure 7) 


tRS2 






2.0 


MS 


Interrupt Release Time, IRQA and IRQB (Figure 8) 


t|R 






1.6 


MS 


Reset Low Time* (Figure 9) 


tRL 


2.0 






MS 



•The Reset line must be high a minimum of 1 .0 ms before addressing the PI A. 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


Ta 


to +70 


°C 


Storage Temperature Range 


Tstg 


-55 to +150 


°C 


Thermal Retitance 


9JA 


B2S 


"c/w 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; hovwever, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 



BUS TIMING CHARACTERISTICS 
READ (Figures 10 and 12) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Enable Cycle Time 


'cycE 


1.0 






/JS 


Enable Pulse Width, High 


PWeh 


0.45 




25 


MS 


Enable Pulse Width, Low 


PWel 


0.43 






MS 


Setup Time, Address and R/W valid to Enable positive transition 


tAS 


160 






ns 


Data Delay Time 


tDDR 






320 


ns 


Data Hold Time 


tH 


10 






ns 


Address Hold Time 


tAH 


10 






ns 


Rise and Fall Time for Enable input 


'hi- ■ - iz 




25 


ns 


WRITE (Figures 1 1 and 12) 


Enable Cycle Time 


'cycE 


1.0 






|US 


Enable Pulse Width, Higii 


PWeh 


0.45 




25 


ps 


Enable Pulse Width, Low 


PWel 


0.43 






MS 


Setup Time, Address and R/W valid to Enable positive transition 


tAS 


160 






ns 


Data Setup Time 


tDSW 


195 






ns 


Data Hold Time 


tH 


10 






ns 


Address Hold Time 


tAH 


10 






ns 


Rise and Fall Time for Enable Input 


tEr. tEf 






25 


ns 



FIGURE 1 - PERIPHERAL DATA SETUP TIME 
(Read Mode) 



FIGURE 2 - CA2 DELAY TIME 
(Read Mode; CRA-5 = CRA-3 = 1, CRA-4 = 0) 



PA0-PA7 V 


- 2.0 V 




PB0-PB7 


^0.8 V 






tPDSU 




Enable 


/ 


2.4 V 



tCA2-^ 



CA2 



\ 0.4 V 




tRSi' 



* Assumes part was deselected during 
tha previous E pulse. 



FIGURE 3 - CA2 DELAY TIME 
(Read Mode; CRA-6 ' 1, CRA-3 = CRA-4 = 0) 



Enable 



CA1 





— — 


K 






//— 


"2.0 V 
^0.8 V 




tCA2-^ 


tRS2 







CA2 



0.4 V 
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FIGURE 4 - PERIPHERAL CMOS DATA DELAY TIMES 
(Write Mode; CRA-5 = CRA-3 = 1 , CRA-4 = 0) 



Enable 



*CMOS— 
tPWD 



PA0-PA7 
CA2 



\/2.4 V 
A 0-4 V 



Vcc -30% V 



'CC 



FIGURE 6 - CB2 DELAY TIME 
(Write Mode; CRB-5 = CRB-3 = 1, CRB-4 = 0) 



Enable 



CB2 



—*CB2 



— tRSI* 



2.4 V, 



^Assumes part was deselected during the 
previous E pulse. 



FIGURE 5 - PERIPHERAL DATA AND CB2 DELAY TIMES 
(Write Mode; CRB-5 = CRB-3 = 1, CRB-4 = 0) 



Enable 



PB0-PB7 





tPDW 






2.4 V 
0.4 V 




••tQC-^ 





CB2 



2.4 Vl> 



C62 Note: CB2 goes low as a result of the 
positive transition of Enable. 



FIGURE 7 - CB2 DELAY TIME 
(Write Mode; CRB-5 = 1, CRB-3 = CRB-4 = 0) 



Enable 



CB1 



CB2 



7^ 



■7^ 



— tCB2*- 



2.0 V^U"" 
0-8 V-, ^r 



r-tr.tf 



tRS2U- 



2.4 V. 



0.4 V/ -/ 



7 



* Assumes part was deselected during 
any previous E pulse. 



FIGURE 8 - IRQ RELEASE TIME 



Enable 



2.4 V 



IRQ 



2.4 V 



FIGURE 10 - BUS READ TIMING CHARACTERISTICS 
(Read Information from PI A) 



tAS-M 



Enable 



RS, CS, R/W 



^cycE- 



X2.0 V 
0.8 V 



2.4 V 



Data Bus 



0-4 V / 



X 



X2.4V < 



tH 



Beset 



FIGURE 9 - RESET LOW TIME 



-tRL- 



.0.8 V 



/ 



•The Reset line must be a V||.| for a minimum of 
1.0 MS before addressing the PIA. 



FIGURE 11 - BUS WRITE TIMING CHARACTERISTICS 
(Write Information into PIA) 



Enable 



|*PWeh-^ 



tEr-H 



RS, CS, R/W 



-'cycE- 



2.4 V 



tDSW*- 



X2.0 V 
0.8 V 



Data Bus 



'EL-" 



0.4 V 



X 



t-»tAH 
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FIGURE 12 - BUS TIMING TEST LOADS 



Load A 

(D0-D7, PA0-PA7, PB0-PB7, CA2, CB2) 



5.0 V 



Test Point O 




MMD7000 
or Equlv. 



C= 130 pF for D0-D7 

= 30 pF for PA0-PA7, PB0-PB7, CA2, and CB2 
R= 11.7 kSl for D0-D7 

= 24 kn for PA0-PA7, PB0-PB7, CA2 amd CB2 



Load B 
(FRQ Only) 

5.0 V 



'3k 



Twt Point o- 



100 pF 



Load C 
(CMOS Load) 



Teit Point O- 



5fc30pF 



PIA INTERFACE SIGNALS FOR MPU 



The PIA interfaces to the MC6800 MPU with an eight- 
bit bi-directional data bus, three chip select lines, two 
register select lines, two interrupt request lines, read/write 
line, enable line and reset line. These signals, in conjunc- 
tion with the MC6800 VMA output, permit the MPU to 
have complete control over the PIA. VMA should be uti- 
lized in conjunction with an MPU address line into a chip 
select of the PIA. 

PIA Bi-Directional Data (D0-D7) - The bi directional 
data lines (D0-D7) allow the transfer of data between the 
MPU and the PIA. The data bus output drivers are three- 
state devices that remain in the high-impedance (off) state 
except when the MPU performs a PIA read operation. The 
Read/Write line is in the Read (high) state when the PIA 
is selected for a Read operation. 

PIA Enable (E) — The enable pulse, E, is the only 
timing signal that is supplied to the PIA. Timing of all 
other signals is referenced to the leading and trailing edges 
of the E pulse. This signal will normally be a derivative of 
the MC6800(;!)2 Clock, 

PIA Read/Write (R/W) - This signal is generated by 
the MPU to control the direction of data transfers on the 
Data Bus. A low state on the PIA Read/Write line enables 
the input buffers and data is transferred from the MPU to 
the PIA on the E signal if the device has been selected. A 
high on the Read/Write line sets up the PI A for a transfer of 
data to the bus. The PIA output buffers are enabled when 
the proper address and the enable pulse E are present. 

Reset — The active low Reset line is used to reset 
all register bits in the PIA to d logical zero (low). This line 
can be used as a power-on reset and as a master reset during 
system operation. 



PIA Chip Select (CSO, CS1 andCS2) - These three input 
signals are used to select the PIA. CSO and CS1 must be 
high and CS2 must be low for selection of the device. 
Data transfers are then performed under the control of the 
Enable and Read/Write signals. The chip select lines must 
be stable for the duration of the E pulse. The device is 
deselected when any of the chip selects are in the 
inactive state. 

PIA Register Select (RSO and RSI) - The two register 
select lines are used to select the various registers inside 
the PIA. These two lines are used in conjunction with 
internal Control Registers to select a particular register 
that is to be written or read. 

The register and chip select lines should be stable for 
the duration of the E p ulse wh ile in the re ad or write cycle. 

Interrupt Request (IRQA and IRQB) - The active low 
Interrupt Request lines (IRQA and IRQB) act to interrupt 
the MPU either directly or through interrupt priority 
circuitry. These lines are "open drain" (no load device on 
the chip). This permits all interrupt request lines to be 
tied together in a wire-OR configuration. 

Each Interrupt Request line has two internal interrupt 
flag bits that can cause the Interrupt Request line to go 
low. Each flag bit is associated with a particular peripheral 
interrupt line. Also four interrupt enable bits are provided 
in the PIA which may be used to inhibit a particular 
interrupt from a peripheral device. 

Servicing an interrupt by the MPU may be accom- 
plished by a software routine that, on a prioritized basis, 
sequentially reads and tests the two control registers in 
each PIA for interrupt flag bits that are set. 

The interrupt flags are cleared (zeroed) as a result of an 
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EXPANDED BLOCK DIAGRAM 



Vss = Pi" 1 




Interrupt Statu* 
Control A 




Data Direction 
Registar A 
(DDRA) 



5Z 



Peripheral 
Interface 
A 



Peripheral 
I nterf ace 
B 




Data Direction 
Register B 
(DDRB) 



Interrupt Status 
Control 8 
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MPU Read Peripheral Data Operation of the corresponding 
data register. After being cleared, the interrupt flag bit 
cannot be enabled to be set until the PIA is deselected 
during an E pulse. The E pulse is used to condition the 
interrupt control lines (CA1, CA2, CB1, CB2). When 
these lines are used as interrupt inputs at least one E 



pulse must occur from the inactive edge to the active 
edge of the interrupt input signal to condition the edge 
sense network. If the interrupt flag has been enabled and 
the edge sense circuit has been properly conditioned, 
the interrupt flag will be set on the next active transition 
of the interrupt input pin. 



PIA PERIPHERAL INTERFACE LINES 



The PIA provides two 8-bit bi-directional data buses 
and four interrupt/control lines for interfacing to periph- 
eral devices. 

Section A Peripheral Data (PA0-PA7) - Each of the 
peripheral data lines can be programmed to act as an input 
or output. This is accomplished by setting a "1" in the 
corresponding Data Direction Register bit for those lines 
which are to be outputs. A "0" In a bit of the Data 
Direction Register causes the corresponding peripheral 
data line to act as an input. During an MPU Read Peripheral 
Data Operation, the data on peripheral lines programmed 
to act as inputs appears directly on the corresponding 
MPU Data Bus lines. In the input mode the internal 
pullup resistor on these lines represents a maximum of one 
standard TTL load. 

The data in Output Register A will appear on the data 
lines that are programmed to be outputs. A logical "1" 
written into the register will cause a "high" on the cor- 
responding data line while a "0" results in a "low". Data 
in Output Register A may be read by an MPU "Read 
Peripheral Data A" operation when the corresponding 
lines are programmed as outputs. This data will be read 
properly if the voltage on the peripheral data lines 
is greater than 2.0 volts for a logic "V output and 
less than 0.8 volt for a logic "0" output. Loading the 
output lines such that the voltage on these lines does not 
reach full voltage causes the data transferred into the MPU 
on a Read operation to differ from that contained in the 
respective bit of Output Register A. 

Sfection B Peripheral Data (PB0-PB7) - The peripheral 
data lines in the B Section of the PIA can be programmed 
to act as either inputs or outputs in a similar manner to 
PA0-PA7. However, the output buffers driving these lines 
differ from those driving linK PA0-PA7. They have three- 



state capability, allowing them to enter a high impedance 
state when the peripheral data line is used as an input. In 
addition, data on the peripheral data lines PB0-PB7 will 
be read properly from those lines programmed as outputs 
even if the voltages are below 2.0 volts for a "high". As 
outputs, these lines are compatible with standard TTL and 
may also be used as a source of up to 1 milliampere at 1.5 
volts to directly drive the base of a transistor switch. 

Interrupt Input (CA1 and CB1) - Peripheral Input lines 
CA1 and CB1 are input only lines that set the interrupt 
flags of the control registers. The active transition for these 
signals is also programmed by the two control registers. 

Peripheral Control (CA2) - The peripheral control line 
CA2 can be programmed to act as an interrupt input or as 
a peripheral control output. As an output, this line is com- 
patible with standard TTL; as an input the internal pullup 
resistor on this line represents one standard TTL load. The 
function of this signal litie is programmed with Control 
Register A. 

Peripheral Control (CB2) - Peripheral Control line CB2 
may also be programmed to act as an interrupt input or 
peripheral control output. As an input, this line has 
high input impedance and is compatible with stand- 
ard TTL. As an output it is compatible with standard 
TTL and may also be used as a source of up to 1 milli- 
ampere at 1 .5volts to directly drive the base of a transistor 
switch. This line is programmed by Control Register B. 



NOTE: It is recommended that the control lines (CA1, CA2, 
CB1, CB2) should be held in a logic 1 state when Reset is active 
to prevent sett ing of corresponding interrupt .flags in the control 
registe r when Reset goes to an inactive state. Subsequent to 
Reset going inactive, a read of the data registers may be used to 
clear any undesired interrupt flags. 



(g) 
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INTERNAL CONTROLS 



There are six locations within the PIA accessible to the 
MPU data bus: two Peripheral Registers, two Data 
Direction Registers, and two Control Registers. Selection 
of these locations is controlled by the RSOand RSI inputs 
together with bit 2 in the Control Register, as shown 
in Table 1 . 



TABLE 1 - INTERNAL ADDRESSING 







Control 
Register Bit 




RSI 


RSO 


CRA-2 


CRB-2 


Location Selected 








1 


X 


Peripheral Register A 











X 


Data Direction Register A 





1 


X 


X 


Control Register A 


1 





X 


1 


Peripheral Register B 


1 





X 





Data Direction Register B 


1 


1 


X 


X 


Control Register B 



X = Don't Care 



INITIALIZATION 

A low reset line has the effect of zeroing all PIA regis- 
ters. This will set PA0-PA7, PB0-PB7, CA2 and CB2 as 
inputs, and all interrupts disabled. The PIA must be con- 
figured during the restart program which follows the reset. 

Details of possible configurations of the Data Direction 
and Control Register are as follows. 

DATA DIRECTION REGISTERS (DDRA and DDRB) 
The two Data Direction Registers allow the MPU to 

control the direction of data through each corresponding 
peripheral data line. A Data Direction Register bit set at 
"0" configures the corresponding peripheral data line as 
an input; a "1 " results in an output. 



CONTROL REGISTERS (OR A and ORB) 

The two Control Registers (CRA and CRB) allow the 
MPU to control the operation of the four peripheral 
control lines CA1, CA2, CB1 and CB2. In addition they 
allow the MPU to enable the interrupt lines and monitor 
the status of the interrupt flags. Bits through 5 of the 
two registers may be written or read by the MPU when 
the proper chip select and register select signals are 
applied. Bits 6 and 7 of the two registers are read only 
and are modified by external interrupts occurring on 
control lines CA1, CA2, CB1 or CB2. The format of the 
control words is shown in Table 2. 



TABLE 2 - CONTROL WORD FORMAT 



7 


6 


5 


4 


3 


2 


1 





IRQA1 


IRQA2 


CA2 Control 


DDRA 
Access 


CA1 Control 


7 


6 


5 


4 


3 


2 


1 





IRQB1 


1RQB2 


CB2 Control 


DDRB 
Access 


CB1 Control 



Data Direction Access Control Bit (CRA-2 and CR B-2) - 
Bit 2 In each Control register (CRA and CRB) allows 
selection of either a Peripheral Interface Register or the 
Data Direction Register when the proper register select 
signals are applied to RSO and RS1 . 

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) - 
The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 

when those lines are programmed to be Inputs. These bits 
cannot be set directly from the MPU Data Bus and are 
reset indirectly by a Read Peripheral Data Operation on 
the appropriate section. 



TABLE 3 - CONTROL OF INTERRUPT INPUTS CA1 AND CB1 



CRA-1 
(CRB-1) 


CRA-0 
(CRB-0) 


Interrupt Input 
CA1 (CB1) 


Interrupt Flag 
CRA-7 (CRB-7) 


MPU Interrupt 

Request 
IRQA (IROB) 








i Active 


Set high on | of CA1 

(CB1) 


Disabled — IrH re- 
mains high 





1 


i Active 


Set high on i of CA1 

(OBI) 


Goes low when the 
interrupt flag bit ORA-7 
(CRB-7) goes high 


1 





t Active 


Set high on f of CA1 
(081) 


Disabled — IRQ re- 
mains high 


1 


1 


t Active 


Set high on T of CA1 
(081) 


Goes low when the 
interrupt flag bit CRA-7 
(GR8-7) goes high 



Notes: 1. f Indicates positive transition (low to high) 



2. I indicates negative transition (high to low) 

3. The Interrupt flag bit CRA-7 is cleared by an MPU Read of the A Data Register, 
and CRB-7 is cleared by an MPU Read of the B Data Register. 

4. If CRA-0 (CRB-0) is low when an Interrupt occurs (Interrupt disabled) and is later brought 
high, IRQA (IRQB) occurs after CRA-0 (CRB-0) is written to a "one". 
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Control of CA1 and CB1 Interrupt Input Lines (CRA-0, 
CRB-0, CRA-1, and CRB-1) - The two lowest order bits 
of the control registers are used to control the interrupt 
input tines CA1 md CB1. Bits CRA-0 and CRB-0 are 



used to enable the MPU interrupt signals IRQA and IRQB, 
respectively. Bits CRA-1 and CRB-1 determine the active 
transition of the interrupt input signals CA1 and CB1 
(Table 3). 



TABLE 4 - CONTROL OF CA2 AND CB2 AS INTERRUPT INPUTS 
CRA5(CRB5I isiow 



CRA-5 
(CRB-5) 


CRA-4 
(CRB-4) 


CRA-3 
(CRB-3) 


Interrupt Input 
CA2 (CB2) 


Interrupt Flag 
CRA-6 (CRB-6) 


MPU interrupt 

Request 
mSA (IRdB) 











i Active 


Set high on i of CA2 
(CB2) 


Disabled — IRQ re- 
mains high 








1 


i Active 


Set high on i of CA2 
(082) 


Goes low when the 
interrupt flag bit CRA-6 
(CRB-6) goes high 





1 





1 Active 


Set high on t of CA2 
(CB2) 


Disabled — IR^ re- 
mains high 





1 


1 


t Active 


Set high on t of CA2 
(CB2) 


Goes low when the 
interrupt flag bitCRA-6 
(CRB-6) goes high 



Notes: 1 . T indicates positive transition (low to high) 

2. i indicates negative transition (high to low) 

3. The Interruptflag bit CRA-6 is cleared by an MPU Read of the A Data Register and CRB-6 is 
cleared by an MPU Read of the B Data Register. 

4. If GR A-3 (CRB-3) is low when an interrupt occurs (Interrupt disabled) and is later brought 
high, IRQA (IRQB) occurs after CRA-3 (CRB-3) is written to a "one". 



TABLE 5 - CONTROL OF 082 AS AN OUTPUT 
CRB-S is high 



CRB-5 


CRB-4 


CRB-3 


CB2 

Cleared Set 


1 








Low on the positive transition of 
the first E pulse following an 
MPU Write "B" Data Reiister 
operation. 


High when the interrupt flag bit 
CRB-7 is set by an active transi- 
tion of the CB1 signal. 


1 





1 


Low on the positive transition of 
the first E pulse after an MPU 
Write "B" Data Register opera- 
tion. 


iHigh on the positive edge of 
the first "E" pulse following an 
"E" pulse which occurred while 

the part was deselected. 


1 


1 





Low when CRB-3 goes low as a 
result of an MPU Write in Control 
Register "B". 


Always low as long as CRB-3 is 
low. Will go high on an MPU Write 
in Control Register "8" that 
changes CRB-3 to "one". 


1 


1 


1 


Always high as long as CRB-3 is 
high. Will be cleared when an 
MPU Write Control Register "B" 
results in clearing CRB-3 to 
"zero". 


High when CRB-3 goes high as a 
result of an MPU Write into 
Control Register "B". 
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Control of CA2 and CB2 Peripheral Control Lines 
(CRA-3, CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) - 
Bits 3, 4, and 5 of the two control registers are used to 
control the CA2 and CB2 Peripheral Control lines. These 
bits determine if the control lines will be an interrupt 
input or an output control signal. If bit CRA-5 (CRB-S) 



is low, CA2 (CB2) is an interrupt input line similar to 
CA1 (CB1) (Table 4). When CRA-5 (CRB-5) is high, CA2 
(CB2) becomes an output signal that may be used to 
control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slightly different characteristics 
(Tables 5 and 6). 



TABLE 6 - CONTROL OF CA-2 AS AN OUTPUT 
CRA-5 is high 



CRA-5 


CRA-4 


CRA-3 


CA2 

Cleared Set 


1 








Low on negative transition of E 
after an MPU Read "A" Data 
operation. 


High when the interrupt flag bit 
CRA-7 is set by an active transi- 
tion of the CA1 signal. 


1 





1 


Low on negative transition of E 

after an MPU Read "A" Data 
operation. 


High on the negative edge of 
the first "E" pulse which occurs 
during a deselect. 


1 


1 





Low when CRA-3 goes low as a 
result of an MPU Write to 
Control Register "A". 


Always low as. long as CRA-3 is 
low. Will go high on an MPU 
Write to Control Register "A" 
that changes CRA-3 to "one". 


1 


1 


1 


Always high as long as CRA-3 
is high. Will be cleared on an 
MPU Write to Control Register 
"A" that clears CRA-3 to 
a "zero". 


High when CRA-3 goes high as 
a result of an MPU Write to 
Control Register "A". 



PIN ASSIGNMENT 



PACKAGE DIMENSIONS 




CASE 715-02 
(CERAMIC) 



40 




^ 


p=- - ^ 






A 



SEE PAGE 166 FOR 
PLASTIC PACKAGE 
DIMENSIONS. 



1 




DIM 


MILLIMETERS 


INCHES 


MIIM 


MAX 


MIIM 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.82 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 




10" 




10" 


N 


0.51 


1.52 


o.m 


0.060 



NOTE: 

1. LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) DIA (AT SEATING 
PLANE), AT MAX. MAT'L 
CONDITION. 
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ASYNCHRONOUS COMMUNICATIONS INTERFACE 
ADAPTER (ACIA) 

The MC6850 Asynchronous Communications Interface Adapter 
provides the data formatting and control to interface serial asyn- 
chronous data communications information to bus organized sys- 
tems such as the MC6800 Microprocessing Unit. 

The bus interface of the MC6850 includes select, enable, read/ 
write, interrupt and bus interface logic to allow data transfer over 
an 8-bit bi-directional data bus. The parallel data of the bus system 
is serially transmitted and received by the asynchronous data inter- 
face, with proper formatting and error checking. The functional 
configuration of the ACIA is programmed via the data bus during 
system initialization. A programmable Control Register provides 
variable word lengths, clock division ratios, transmit control, receive 
control, and interrupt control. For peripheral or modem operation 
three control lines are provided. These lines allow the ACIA to 
interface directly with the MC6860L 0-600 bps digital modem. 

• Eight and Nine-Bit Transmission 

• Optional Even and Odd Parity 

• Parity, Overrun and Framing Error Checking 

• Programmable Control Register 

• Optional H-l, -f^l 6, and ^64 Clock Modes 

• Up to 500 kbps Transmission 

• False Start Bit Deletion 

• Peripheral/Modem Control Functions 

• Double Buffered 

• One or Two Stop Bit Operation 



M 



(N-CHANNEL, SILICON-GATE) 



ASYNCHRONOUS 
COMMUNICATIONS INTERFACE 
ADAPTER 




NOT SHOWN: 



L SUFFIX 

CERAMIC PACKAGE 
CASE 716 



P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MC6800 
Microprocessor 



Add ress Data 
Bus Bus 



Read Only 
Memory 



Random 
Access 
Memory 



I nterface 

Adapter 



MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK OIA@RAM 



Data .Bus 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V|n 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


TA 


Oto+70 


°C 


Storage Temperature Range 


Tsta 


-55 to +150 


°C 


Thermal Resistance 


»JA 


82.5 


°C/W 



Th is device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher 
than maximum rated voltages to this high- 
impedance circuit. 



ELECTRICAL CHARACTERISTICS (Vqc = 5.0 V ±5%, Vss = 0, Ta = to 70°C unless otherwise noted.) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


V|H 


Vss + 2.0 




Vcc 


Vdc 


Input Low Voltage 


V|L 


Vss -0-3 




Vss + 0.8 


Vdc 


Input Leakage Current R/W,CS0,CS1,CS2,Enable 
(Vin = to 5.25 Vdc) 


lin 




1.0 


2.5 


MAdc 


Three-State (Off State) Input Current 
(Vin = 0-4 to 2.4 Vdc) 




D0-D7 


'tsi 




2.0 


10 


MAdc 


Output High Voltage 

(1 Load = -205 MAdc, Enable Pulse Width <25 ms) 
( 1 Load = -1 00 (^Adc, Enable Pulse Width <25 ms) 


D0-D7 
Tx Data, RTS 


Vqh 


Vss + 2.4 
Vss + 2.4 


- 


- 


Vdc 


Output Low Voltage 

('Load ° 1 niAdc, Enable Pulse Width <25 ms) 


Vol 


— 




Vss + 0.4 


Vdc 


Output Leakage Current (Off State) 
(VoH = 2.4 Vdc) 




IRQ 


'loh 




1 .0 


10 


MAdc 


Power Dissipation 


r^D 




300 


525 


mW 


Input Capacitance 

<Vin = 0, Ta = 25°C, f = 1 .0 MHz) D0-D7 
E, Tx Clk, Rx Clk, R/W, RS, Rx Data, CSO, CS1, CS2, CTS, DCD 


•-in 




10 
7.0 


12.5 
7.5 




Output Capacitance 

(V|n = 0, Ta = 25°C, f = 1 .0 MHz) 


RTS, Tx Data 
IRQ 


Cout 






10 

5.0 


pF 


Minimum Clock Pulse Width, Low (Figure 1) 


-M6, 464 Modes 


PWcL 


600 






ns 


Minimum Clock Pulse Width, High (Figure 2) 


-M6, -r64 Modes 


PWcH 


600 






ns 


Clock Frequency 


■M Mode 
+16, +64 Modes 


fc 






500 
800 


kHz 


Clock-to-Data Delay for Transmitter (Figure 3) 


tTDD 






1.0 


MS 


Receive Data Setup Time (Figure 4) 




+1 Mode 


tRDSU 


500 






ns 


Receive Data Hold Time (Figure 5) 




+1 Mode 


tRDH 


500 






ns 


Interrupt Request Release Time (Figure 6) 


t|R 






1.2 


MS 


Request-to-Send Delay Time (Figure 6) 


tRTS 






1.0 


MS 


Input Transition Times (Except Enable) 


tr-tf 






1.0* 


MS 


* 1.0 MS or 10% of the pulse width, whichever is smaller. 
BUS TIMING CHARACTERISTICS 
READ (Figures 7 and 9) 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Enable Cycle Time 


^ycE 


1.0 






MS 


Enable Pulse Width, High 


PWeh 


0.45 




25 


MS 


Enable Pulse Width, Low 


PWel 


0.43 






MS 


Setup Time, Address and R/W valid to Enable positive transition 


tAS 


160 






ns 


Data Delay Time 


tDDR 






320 


ns 


Data Hold Time 


tH 


10 






ns 


Address Hold Time 


tAH 


10 






ns 


Rise and Fall Time for Enable input 


^Er.tEf 






25 


ns 


WRITE (Figure 8 and 9) 


Enable Cycle Time 


^cycE 


1.0 






MS 


Enable Pulse Width, High 


PWeh 


0.45 




25 


MS 


Enable Pulse Width, Low 


PWel 


0.43 






MS 


Setup Time, Address and R/W valid to En<rt)le positive transition 


tAS 


160 






ns 


Data Setup Time 


tDSW 


195 






ns 


Data Hold Time 


tH 


10 






ns 


Address Hold Time 


tAH 


10 






ns 


Rise and Fall Time for Enable input 


tEr. tEf 






25 


ns 
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FIGURE 1 - CLOCK PULSE WIDTH, LOW-STATE 



Tx Clk 

or 
Rx Clk 



.PWcL 



FIGURE 3 - TRANSMIT DATA OUTPUT DELAY 



Tx Clk 



^TDD 



Tx Data 



X 



2.4 V 
0.4 V 



FIGURE 5 - RECEIVE DATA HOLD TIME 
(■f 1 Mode) 



RxClk 



l'~ 2.0 V 



Fix Data 



2.0 V v/ 
0.8 V -, f\ 



*RDH 



FIGURE 7 - BUS READ TIMING CHARACTERISTICS 
(Read information from ACIA) 



Enable 



RS,CS,R/W 



Data Bus 



. ^cycE 



* PWeh * 



2.0 V 

tEr 0-8 V 



tDDR 



*-PWel-* 



V 
0.8 V 



tEf 



X 



\J 2A V 
A 04 V 



y 



■tAH 




FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE 



Tx Clk 

or 
Rx Clk , 



PWCH 



FIGURE 4 - RECEIVE DATA SETUP TIME 

(-M Mode) 



Rx Data 



\y 2.0 V 



Rx Clock 



tRDSU 



F IGURE 6 - REOUEST-T O-SEND DELAY AND 
INTERRUPT-REQUEST RELEASE TIMES 



Enable 



RTS 



IRQ 



\U8V_ 



-*RTS 



X2.4 V 
_a4v_ 



t|R 









2A V 



FIGURE 8 - BUS WRITE TIMING CHARACTERISTICS 
(Write information into ACIA) 



*AS - 



Enable 



RS.CS,R/W~^J|^ 



■ *GVcE ■ 





2.0 V 








3SW -» 





Data Bus 



U-PWel-* 



tEf 



X 



tAH 



Vi'^:oV/ 

,A.0.8 



tH 
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FIGURE 9 - BUS TIMING TEST LOADS 



Load A Load B 

(D0-D7, RTS, Tx i3ata) (IRQ Only) 



Test Point o 




Test Point o- 



5.0 V 
3 k 

: 100 pF 



C = 130 pF fo r DO D7 

= 30 pF for RTS and Tx Data 



B = 11.7 IcH for D0-D7 

- 24 kSl for RTS and Tx Oata 



EXPANDED BLOCK DIAGRAM 



Transmit Clock 4 
Enable 14 

Read/Write 13 

Chip Select 8 
Chip Select 1 10 
Chip Select 2 9 
Register Select 1 1 



Chip 
Select 
and 
Read/Write 
Control 




Data 
Bus 
Buffers 



^SS 



Pin 12 
Pin 1 



Transmit 

Data 
Register 



Status 
Register 



Control 
Register 



Receive 

Data 
Register 



Receive Clock 3 



Clock 
Gen 



Parity 
Gen 



Transmit 

Shift 
Register 



Transmit 
Control 



Interrupt 




Logic 





Receive 
Control 



6 Transmit Data 



24 Clear-to -Send 



7 Interrupt Request 
23 Data Carrier Detect 



5 Request-to-Send 



Parity 
Check 



Receive 

Shift 
Register 



Clock 
Gen 



Sync 
Logic 



2 Receive Data 



DEVICE OPERATION registers are Status and Receive Data; tfie write-only 
At the bus interface, the AC! A appears as two address- registers are Control and Transmit Data. The serial inter- 
able memory locations. Internally, there are four registers: face consists of serial input and output lines with inde- 
two read-only and two write-only registers. The read-only pendent clocks, and three peripheral /modem control lines. 
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POWER ON/MASTER RESET 

The master reset (CRO, CR1) should be set during 
system initialization to insure the reset condition and 
prepare for programming the AC! A functional configu- 
ration when the communications channel is required. 
Control bits CR5 and CR6 should also be programmed to 
define the state of RTS whenever master reset is utilized. 
The ACIA also contains internal power-on reset logic to 
detect the power line turn-on transition and hold the chip 
in a reset state to prevent erroneous output transitions 
prior to initialization. This circuitry depends on clean 
power turn-on transitions. The power-on reset is released 
by means of the bus-programmed master reset which must 
be applied prior to operating the ACIA. After master 
resetting the ACIA, the programmable Control Register 
can be set for a number of options such as variable clock 
divider ratios, variable word length, one or two stop bits, 
parity (even, odd, or none), etc. 

TRANSMIT 

A typical transmitting sequence consists of reading 
the ACIA Status Register either as a result of an interrupt 
or in the ACIA's turn in a polling sequence. A character 
may be written into the Transmit Data Register if the 
status read operation has indicated that the Transmit 
Data Register is empty. This character is transferred to a 
Shift Register where it is serialized and transmitted from 
the Transmit Data output preceded by a start bit and 
followed by one or two stop bits. Internal parity (odd or 
even) can be optionally added to the character and will 
occur between the last data bit and the first stop bit. 
After the first character is written in the Data Register, 
the Status Register can be read again to check for a 
Transmit Data Register Empty condition and current per- 
ipheral status. If the register is empty, another character 
can be loaded for transmission even though the first 
character is in the process of being transmitted (because 
of double buffering). The second character will be auto- 
matically transferred into the Shift Register when the first 
character transmission is completed. This sequence con- 
tinues until all the characters have been transmitted. 

RECEIVE 

Data is received from a peripheral by means of the 
Receive Data input. A divide-by-one clock ratio is pro- 
vided for an externally synchronized clock (to its data) 
while the divide-by-16 and 64 ratios are provided for 
internal synchronization. Bit synchronization in the 
divide-by-16 and 64 modes is initiated by the detection of 
the leading mark-to-space transition of the start bit. 
False start bit deletion capability insures that a full half 
bit of a start bit has been received before the internal 
clock is synchronized to the bit time. As a character is 
being received, parity (odd or even) will be checked and 
the error indication will be available in the Status Register 
along with framing error, overrun error, and Receive Data 
Register full. In a typical receiving sequence, the Status 
Register is read to determine if a character has been re- 



ceived from a peripheral. If the Receiver Data Register is 
full, the character is placed on the 8-bit ACIA bus when a 
Read Data command is received from the MPU. When 
parity has been selected for an 8-bit word (7 bits plus 
parity), the receiver strips the parity bit (D7 = 0) so that 
data alone is transferred to the MPU. This feature reduces 
IVIPU programming. The Status Register can continue to 
be read again to determine when another character is 
available in the Receive Data Register. The receiver is 
also double buffered so that a character can be read from 
the data register as another character is being received 
in the shift register. The above sequence continues until 
aff characters have been received. 

INPUT/OUTPUT FUNCTIONS 

ACIA INTERFACE SIGNALS FOR MPU 

The ACIA interfaces to the MC6800 MPU with an 8-bit 

bi-directional data bus, three chip select lines, a register 
select line, an interrupt request line, read/write line, and 
enable line. These signals, in conjunction with the 
MC6800 VMA output, permit the MPU to have complete 
control over the ACIA. 

ACIA Bi-Directional Data (D0-D7) - The bi-directional 
data lines (D0-D7) allow for data transfer between the 
ACIA and the MPU. The data bus output drivers are 
three-state devices that remain in the high-impedance 
(off) state except when the MPU performs an ACIA 
read operation. 

ACIA Enable (E) — The Enable signal, E, is a high 
impedance TTL compatible input that enables the bus 
input/output data buffers and clocks data to and from 
the ACIA. This signal will normally be a derivative of 
the MC6800i?2 Clock. 

Read/Write (R/W) - The Read/Write line is a high 
impedance input that is TTL compatible and is used to 
control the direction of data flow through the ACIA's 
input/output data bus interface. When Read/Write is 
high (MPU Read cycle), ACIA output drivers are turned 
on and a selected register is read. When it is low, the 
ACIA output drivers are turned off and the MPU writes 
into a selected register. Therefore, the Read/Write 
signal is used to select read-only or write-only registers 
within the ACIA. 

Chip Select (CSO, CS1, CS2) - These three high im- 
pedance TTL compatible input lines are used to address 
the ACIA. The ACIA is selected when CSO and CS1 are 
high and CS2 is low. Transfers of data to and from the 
ACIA are then performed under the control of the Enable 
signal, Read/Write, and Register Select. 

Register Select (RS) — The Register Select line is a 
high impedance input that is TTL compatible. A high 
level is used to select the Transmit/Receive Data Registers 
and a low level the Control/Status Registers. The Read/ 
Write signal line is used in conjunction with Register 
Select to select the read-only or write-only register in each 
register pair. 

Interrupt Request (IRQ) — Interrupt Request is a TTL 
compatible, open-drain (no internal pullup), active tow 
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output that is used to interrupt the MPU. The IRQ output 
remains low as long as the cause of the interrupt is present 
and the appropriate interrupt enable within the ACIA is 
set. The IRQ status bit, when high, indicates the IRQ 
output is in the active state. 

Interrupts result from conditions In both the trans- 
mitter and receiver sections of the ACIA. The transmitter 
section causes an interrupt when the Transmitter Interrupt 
Enabled condition is selected (CR5 ■ CR6), and the 
Transmit Data Register Empty (TORE) status bit is high. 
The TDRE status bit indicates the current status of the 
Transmitter Data Register except when inhibited by 
Clear-to-Send (CTS) being high or the ACIA being 
maintained in the Reset condition. The interrupt is cleared 
by writing data into the Transmit Data Register. The 
interrupt is masked by disabling the Transmitter Interrupt 
via CR5 or CR6 or by the loss of CTS which inhibits the 
TDRE status bit. The Receiver section causes an interrupt 
when the Receiver Interrupt Enable is set and the Receive 
Data Register Full (RDRF) status bit is high, an Overrun 
has occurred, or Data Carrier Detect (DCD) has gone high. 
An interrupt resulting from the RDRF status bit can be 
cleared by reading data or resetting the ACIA. Interrupts 
caused by Overrun or loss of DCD are cleared by reading 
the status register after the error condition has occurred 
and then reading the Receive Data Register or resetting 
the ACIA. The receiver interrupt is masked by resetting 
the Reeeiver Interrupt Enable. 

CLOCK INPUTS 

Separate high Impedance TTL compatible Inputs are 
provided for clocking of transmitted and received data. 
Clock frequencies of 1, 16 or 64 times the data rate may 

be selected. 

Transmit Clock (Tx Clk) — The Transmit Clock input 
is used for the clocking of transmitted data. The trans- 
mitter Initiates data on the negative transition of the 
clock. 

Receive Clock (Rx Clk) — The Receive Clock input Is 
used for synchronization of received data. (In the 1 
mode, the clock and data must be synchronized exter- 
nally.) The receiver samples the data on the positive 
transiton of the clock. 

SERIAL INPUT/OUTPUT LINES 

Receive Data (Rx Data) — The Receive Data line Is a 
high impedance TTL compatible input through which data 
is received in a serial format. Synchronization with a 
clock for detection of data Is accomplished Internally 
when clock rates of 16 or 64 times the bit rate are used. 
Data rates are in the range of to 500 kbps when external 
synchronization is utilized. 

Transmit Data (Tx Data) — The Transmit Data output 
line transfers serial data to a modem or other peripheral. 
Data rates are In the range of to 500 kbps when external 
synchronization is utilized. 
PERIPHERAL/MODEM CONTROL 

The ACIA includes several functions that permit limited 



control of a peripheral or modem. The functions included 
are Clear-to-Send, Request-to-Send and Data Carrier De- 
tect. 

Clear-to-Send (CTS) — This high impedance TTL com- 
patible Input provides automatic control of the trans- 
mitting end of a communications link via the modem 
Clear-to-Send active low output by Inhibiting the Trans- 
mit Data Register Empty (TDRE) status bit. 

Request-to-Send (RTS) - The Request-to-Send output 
enables the MPU to control a peripheral or modem via 
the data bus. The RTS output corresponds to the state 
of the Control Register bits CR5 and CR6. When CR6 = 
or both CR5 and CR6 = 1, the RTS output is low (the 
active state). This output can also be used for Data 
Te rminal Ready (DTR). 

Data Carrier Detect (DCD) — This high impedance 
TTL compatible input provides automatic control, such 
as in the receiving end of a communications link by means 
of a modem Data Carrier Detect output. The DCD input 
inhibits and Initializes the receiver section of the ACIA 
when high. A low to high transition of the Data Carrier 
Detect initiates an Interrupt to the MPU to indicate the 
occurrence of a loss of carrier when the Receive Interrupt 
Enable bit is set. 

ACIA REGISTERS 

The expanded block diagram for the ACIA indicates 
the internal registers on the chip that are used for the 

status, control, receiving, and transmitting of data. The 
content of each of the registers is summarized In Table 1. 



TRANSMIT DATA REGISTER (TDR) 

Data is written in the Transmit Data Register during 
the negative transition of the enable (E) when the ACIA 
has been addressed and RS • R/W is selected. Writing 
data into the register causes the Transmit Data Register 
Empty bit in the Status Register to go low. Data can then 
be transmitted. If the transmitter is idling and no char- 
acter is being transmitted, then the transfer will take 
place within one bit time of the trailing edge of the 
Write command. If a character is being transmitted, the 
new data character will commence as soon as the previous 
character is complete. The transfer of data causes the 
Transmit Data Register Empty (TDRE) bit to indicate 
empty. 

RECEIVE DATA REGISTER (RDR) 

Data is automatically transferred to the empty Receive 
Data Register (RDR) from the receiver deserializer (a 

shift register) upon receiving a complete character. This 
event causes the Receive Data Register Full bit (RDRF) 
in the status buffer to go high (full). Data may then be 
read through the bus by addressing the ACIA and selecting 
the Receive Data Register with RS and RA/V high when 
the ACIA Is enabled. The non-destructive read cycle 
causes the RDRF bit to be cleared to empty although 
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TABLE 1 - DEFINITION OF ACIA REGISTER CONTENTS 



Data 
Bus 
Line 
Number 


Buffer Address 


RS» R/W 

1 ■ aii9iiii L 

Data 
Rsgistsr 


RS • R/W 
Receive 

Data 
Register 


RS«H7v? 

Control 
Register 


RSeR/W 

Status 
Register 


(Write Only) 


(Read Only) 


(Write Only) 


(Read Only) 





Data Bit 0* 


Data Bit 


Counter Divide 
Select 1 (CRO) 


Receive Data Register 

Full (RDRF) 


1 


Data Bit 1 


Data Bit 1 


Counter Divide 
Select 2 (CR 1 ) 


Transmit Data Register 
Empty (TORE) 


2 


Data Bit 2 


Data Bit 2 


Word Select 1 
(CR2) 


Data Carrier Detect 
(DCD) 


3 


Data Bit 3 


Data Bit 3 


Word Select 2 
(CR3) 


Clear-to Send 
(CTS) 


4 


Data Bit 4 


Data Bit 4 


Word Select 3 
(CR4) 


Framing Error 
(FE) 


5 


Data Bit S 


Data Bit 5 


Transmit Control 1 
(CR5) 


Receiver Overrun 
(OVRN) 


6 


Data Bit 6 


Data Bit 6 


Transmit Control 2 
(CR6) 


Parity Error (PE) 


7 


Data Bit 7'*" 


Data Bit ?•• 


Receive Interrupt 
Eflatele(CR7.) 


Interrupt Request 
(IRQ) 



• Leading bit = LSB = Bit 
* * Data bit will be zero in 7-bit plus parity modes. 
• • • Data bit is "don't care" in 7-bit plus parity modes. 



the data is retained in the RDR. The status is maintained 
by RDRF as to whether or not the data is current. When 

the Receive Data Register is full, the automatic transfer 
of data from the Receiver Shift Register to the Data 
Register is inhibited and the RDR contents remain valid 
with its current status stored in the Status Register. 

CONTROL REGISTER 

The ACIA Control Register consists of eight bits of 
write-only buffer that are selected when RS and R/W are 
low. This register controls the function of the receiver, 
transmitter, interrupt enables, and the Request-to-Send 
peripheral/modem control output. 

Counter Divide Select Bits (CRO and CRD - The 
Counter Divide Select Bits (CRO and CR1) determine the 
divide ratios utilized in both the transmitter and receiver 
sections of the ACIA. Additionally, these bits are used to 
provide a master reset for the ACIA which clears the 
Status Register (except for external conditions on CTS 
and DCD) and initializes both the receiver and transmitter. 
Master reset does not affect other Control Register bits. 
Note that after power-on or a power fail/restart, these 
bits must be set high to reset the ACIA. After reseting, the 
clock divide ratio may be selected. These counter select 
bits provide for the following clock divide ratios: 



CR1 


CRO 


Function 








1 





1 


+ 16 


1 





^ 64 


1 


1 


Master Reset 



Word Setect Bits (CR2. CR3, and CR4) - The Word 



Select bits are used to select word length, parity, a.nd the 
number of stop bits. The encoding format is as follows: 



CR4 


CR3 


CR2 


Function 











7 Bits + Even Parity * 2 Stop Bits 








1 


7 Bits + Odd Parity + 2 Stop Bits 





1 





7 Bits + Even Parity + 1 Stop Bit 





1 


1 


7 Bits + Odd Parity -1- 1 Stop Bit 


1 








8 Bits + 2 Stop Bits 


1 





1 


8 Bits + 1 Stop Bit 


1 


1 





8 Bits + Even Parity + 1 Stop Bit 


1 


1 


1 


8 Bits + Odd Parity + 1 Stop Bit 



Word length. Parity Select, and Stop Bit changes are 
not buffered and therefore become effective immediately. 



Transmitter Control Bits (CR5 and CR6) — Two 

Transmitter Control bits provide for the control of the 
interrupt from the Transmit Data Register Empty con- 
dition, the Request-to-Send (RTS) output, and the 
transmission of a Break level (space). The following 
encoding format is used: 



CR6 


CR5 


Function 








RTS = low. Transmitting Interrupt Disabled. 





1 


RTS = low, Transmitting Interrupt Enabled. 


1 





RTS = high. Transmitting Interrupt Disabled. 


1 


1 


RTS = low. Transmits a Break level on the 






Transmit Data Output. Transmitting 






Interrupt Disabled. 



Receive Interrupt Enable Bit (CR7) - The following 
interrupts will be enabled by a high level in bit position 7 

of the Control Register (CR7): Receive Data Register Full, 
Overru n or a low to high transistion on the Data Carrier 
Detect (EJCD) signal line. 
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STATUS REGISTER 

Information on the status of the ACIA is available to 
the MPU by reading the ACIA Status Register. This 
read-only register is selected when RS is low and R/W 
is high. Information stored in this register indicates the 
status of the Transmit Data Register, the Receive Data 
Register and error logic, and the peripheral/modem status 
inputs of the ACIA. 

Receive Data Register Full (RDRF), Bit - Receive 
Data Register Full indicates that received data has been 
transferred to the Receive Data Register. RDRF is cleared 
after an MPU read of the Receive Data Register or by a 
master reset. The cleared or empty state indicates that 
the contents of the Receive Data Register are not cur- 
rent. Data Carrier Detect being high also causes RDRF 
to indicate empty. 

Transmit Data Register Empty (TORE), Bit 1 - The 
Transmit Data Register Empty bit being set high indicates 
that the Transmit Data Register contents have been trans- 
ferred and that new data may be entered. The low state 
indicates that the register is full and that transmission of 
a new character has not begun since the last write data 
command. 

Dat a Carrier Detect (OOP), Bit 2 - The Data Carrier 

Detect bit will be high when the DCD input from a modem 
has gone high to indicate that a carrier is not present. 
This bit going high causes an Interrupt Request to be 
generated when the Receive Interrupt Enable is set. It 
remains high after the DCD input is returned low until 
cleared by first reading the Status Register and then the 
Data Register or until a master reset occurs. If the DCD 
input remains high after read status and read data or 
maste r reset has occurred, the interrupt is cleared, the 
DCD status bit remains high and will follow the DCD input. 

Clear-to-Send (CTS), Bit 3 - The Cl ear-to-Send bit 
indicates the state of the Clear-to-Send input from a 
modem. A low CTS indicates that there is a Clear-to-Send 
from the modem. In the high state, the Transmit Data 
Register Empty bit is inhibited and the Clear-to-Send 
status bit will be high. Master reset does not affect the 



Clear-to-Send Status bit. 

Framing Error (FE), Bit 4 — Framing error indicates 
that the received character is improperly framed by a 

start and a stop bit and is detected by the absence of the 
1st stop bit. This error indicates a synchronization error, 
faulty transmission, or a break condition. The framing 
error flag is set or reset during the receive data transfer 
time. Therefore, this error indicator is present through- 
out the time that the associated character is available. 

Receiver Overrun (OVRN), Bit 5 — Overrun is an 
error flag that indicates that one or more characters in 
the data stream were lost. That is, a character or a 
number of characters were received but not read from the 
Receive Data Register (RDR) prior to subsequent char- 
acters being received. The overrun condition begins at 
the midpoint of the last bit of the second character re- 
ceived in succession without a read of the RDR having 
occurred. The Overrun does not occur in the Status 
Register until the valid character prior to Overrun has 
been read. The RDRF bit remains set until the Overrun 
is reset. Character synchronization is maintained during 
the Overrun condition. The Overrun indication is reset 
after the reading of data from the Receive Data Register 
or by a IVIaster Reset. 

Parity Error (PE), Bit 6 — The parity error flag indi- 
cates that the number of highs (ones) in the character 
does not agree with the preselected odd or even parity. 
Odd parity is defined to be when the total number of ones 
is odd. The parity error indication will be present as long 
as the data character is in the RDR. If no parity is 
selected, then both the transmitter parity generator out- 
put and the receiver parity check results are inhibited. 

Interrupt Request (IRQ ), Bit 7 - The IRQ bit indi- 
cates the state of the IRQ output. Any interrupt condi- 
tion with its applicable enable will be indicated in this 
status bit. Anytime the IRQ output is low the IRQ bit 
will be high to indicate the interrupt or service request 
status. IRQ is cleared by a read operation to the Receive 
Data Register or a write operation to the Transmit 
Data Register. 



PIN ASSIGNMENT 



1 C v'ss 

2 Rx Data 

3 [ Rx Clk 

4 [ Tx Clk 

10 C 

11 c 

12 C 



RTS 
Tx Data 

Trq 

CSC 
CS2" 

CS1 
RS 

Vdd 



CTS 
DCD 
DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
E 



]24 
] 23 
] 22 
]21 
] 20 
]19 
]18- 

]16 

]15 

:i4 

R/W ] 13 




24 




13 


t 


) 






B 


O 








1 




12 





PACKAGE DIMENSIONS 

CASE 716-02 
(CERAMIC) 



SEE PAGE 165 FOR 
PLASTIC PACKAGE 
DIMENSIONS 




SEATING-/ I I 
PLANE G— I U- 



M— 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


29.97 


30.99 


1.180 


1.220 


B 


14.88 


15.62 


0.585 


0.615 


C 


3.05 


4.19 


0.120 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.78 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


G.OOB 


0.012 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.88 


15.37 


0.585 


0.605 


M 




10" 




100 


N 


0.51 


1.52 


0.020 


0.060 



NOTE: 

1. LEADS TRUE POSITIONED WITHIN 
0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 



Product Preview 



SYNCHRONOUS SERIAL DATA ADAPTER (SSDA) 

The XC6852 Synchronous Serial Data Adapter provides a bi- 
directional serial interface for synclironous data information inter- 
change, it contains interface logic for simultaneously transmitting 
and receiving standard synchronous communications characters in 
bus organized systems such as the M6800 Microprocessor systems. 

The bus Interface of the XC6852 Includes select, enable, read/ 
write, interrupt, and bus interface logic to allow data transfer 
over an 8-bit bi-directional data bus. The parallel data of the bus 
system is serially transmitted and received by the synchronous data 
interface with synchronization, fill character insertion/deletion, and 
error checking. The functional configuration of the SSDA is pro- 
grammed via the data bus during system initialization. Programmable 
control registers provide control for variable word lengths, transmit 
control, receive control, synchronization control, and interrupt 
control. Status, timing and control lines provide peripheral or 
modem control. 

Typical applications include floppy disk controllers, cassette or 
cartridge tape controllers, data communications terminals, and 
numerical control systems. 

• Programmable Interrupts from Transmitter, Receiver, and Error 
Detection Logic 

• Character Synchronization on One or Two Sync Codes 

• External Synchronization Available for Parallel-Serial 
Operation 

• Programmable Sync Code Register 

• Up to 600 kbps Transmission 

• Peripheral/Modem Control Functions 

• Three Bytes of FIFO Buffering on Both Transmit and Receive 

• Seven, Eight, or Nine Bit Transmission 

• Optional Even and Odd Parity 

• Parity, Overrun, and Underflow Status 



MOS 



(N-CHANNEL, SIUCON-GATE) 



SYNCHRONOUS 
SERIAL DATA 
ADAPTER 
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Interface 
Adapter 



XC6852 SYNCHRONOUS SERIAL DATA ADAPTER 
BLOCK DIAGRAM 
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Data Bus 
I/O 




Bit-Serial 
Peripheral 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


ta 


to +70 


oc 


Storage Temperature Range 


"■"stg 


-55 to +1 50 


OC 


Thermal Resistance 




70 


oc/w 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
is is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 



ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ±5%, Vss = 0, Ta = to 70OC unless otherwise noted.) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


1 n 


Vcc + 2.0 






Vdc 


Input Low Voltage 


V|L 






Vss + 0.8 


Vdc 


Input LeaKage current i x wiK, nx l*ik, rfx Liaia, tnauie, 
(V|n = to 5.25 Vdc) Reset, RS, R/W, CS, DCD, CTS 


'm 




1 .U 




/iAdc 


Three-State (Off State) Input Current D0-D7 
(Vin = OA to 2.4 Vdc, Vcc = 5-25 Vdc) 


'tsi 




2.0 


10 


fiAdc 


Output High Voltage 

"Load " -205 mAcIc, Enable Pulse VWidth <25ms) D0-D7 
('Load ^ -■'00 nAdc, Enable Pulse Width <25ms) 

Tx Data, DTR,TUF 


VOH 


Vss + 2.4 
Vss + 2.4 


- 


- 


Vdc 


Output Low Voltage 

U Load ~ mAdc, bnat)le rulse width ^..sbjus) 


Vol 






Vss + 0.4 


Vdc 


Output Leakage Current (Off State) IRQ 
(Vnu = 24 Vdc) 


'loh 




1 


10 


juAdc 


Power Dissipation 


Pr-< 
■^D 




300 


525 


mW 


Input Capacitance 

(Vjn = 0, Ta = 25°C, f = 1.0 MHz) D0-D7 

All Other Inputs 


p. 

^tn 


_ 
— 


— 
— 


12.5 
7.5 


pF 


Output Capacitance Tx Data, SM/DTR, TUF 

(Vjn = 0, Ta = 250C, f = 1.0 MHz) TRQ 


^out 






10 
5.0 


pF 


Minimum Clock Pulse Width, Low (Figure 1) 


PWcL 


700 






ns 


Minimum Clock Pulse Width, High (Figure 2) 


PWcH 


700 






ns 


Clock Frequency 


fc 






600 


kHz 


Receive Data Setup Time (Figure 3, 7) 


tRDSU 


350 






ns 


Receive Data Hold Time (Figure 3) 


tRDH 


350 






ns 


Sync Match Delay Time (Figure 3) 


tSM 






1.0 


MS 


Clock-to-Data Delay for Transmitter (Figufe 4) 


tTDD 






1.0 


MS 


Transmitter Underflow (Figure 4,6) 


tTUF 






1.0 


MS 


DTR Delay Time (Figure 5) 


tDTR 






1.0 


MS 


Interrupt Request Release Time (Figure 5) 


t|R 






1.2 


MS 


Reset Minimum Pulse Widtfi 


tRes 


1.0 






MS 


CTS Setup Time (Figure 6) 


tCTS 






200 


ns 


DCD Setup Time (Figure 7) 


tDCD 






500 


ns 


Input Rise and Fall Times (except Enable) 
(0.8 V to 2.0 V) 


tr- tf 






1.0* 


MS 



* 1.0 MS or 10% of the pulse width, whichever is smaller. 



FIGURE 1 - CLOCK PULSE WIDTH, LOW STATE 




FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE 



Tx Clk 

or 
Rx Clk . 



2.0 V 



• PWcH 
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BUS TIMING CHARACTERISTICS 
READ (Figuras 8 and 10) 



Characteristic 


Symbol 


Min 


Typ 




Unit 


Enable Cycle Time 


^cycE 


1.0 






MS 


Enable Pulse Width, High 


PWeh 


0.45 




25 


US 


Enable Pulse Width, Low 


PWel 


0.43 






MS 


Setup Time, Address and R/W valid to Enable positive transition 


tAS 


160 






ns 


Data Delay Time 


tPDR 






320 


ns 


Data Hold Time 


tH 


10 






ns 


Address Hold Time 


tAH 


10 






ns 


Rise and Fall Time for Enable input 


tEr, tEf 






25 


ns 


WRITE (Figures 9 and 10) 


Enable Cycle Time 


^cycE 


1.0 






MS 


Enable Pulse Width, High 


PWeh 


0.45 




25 


MS 


Enable Pulse Width, Low 


PWel 


0.43 






MS 


Setup Time, Address and R/W valid to Enable positive transition 


tA^ 


160 






ns 


Data Setup Time 


tDSW 


195 






ns 


Data Hold Time 


tH 


10 






ns 


Address Hold Time 


tAH 


10 






ns 


Rise and Fall Time tor Enable input 


tEr, tEf 






25 


ns 



FIGURE 3 - RECEIVE DATA SETUP AND HOLD TIMES AND SYNC MATCH DELAY TIME 



Rx Clk 



Dn - 1 



DO 



tRDSU- 



tRDH- 



n = Number of bits in character 
k\N = Don't care 



*SM- 



Sync Match 



2.4 V 



1 Rx Clk 

Period 



\ 0.4 V 



FIGURE 4 - TRANSMIT DATA OUTPUT DELAY AND 

TRANSMITTER UNDERFLOW DELAY TIME 



FIGURE 5 - DATA TER MINAL READY AND INTERRUPT 
REaU^T RELE/^E TIMES 



Tx 
Clk 



tTDD— 



Tx 
Data 



2.4 V 
0.4 V 



^TUF- 



X 



DO 



n = Number of bits in character 



/ 0.4 V^- 



—«Tx Clk High- 
Period 
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FIGURE 6 - CLEAR-TO-SEND SETUP TIME 



CTS 



0.8 V 



Tx Clk 



'CTS 



*TDD- 



Tx Data 



2.4 V 
0.4 V 



DO 



FIGURE 8 - BUS READ TIMING CHARACTERISTICS 
(Read information from SSDA) 



tAS- 



Enable 



Rs, m, R/W 



• ^ycE 



1:dDR 
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X2.0 V 
0.8 V 
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tEf 



X 
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■tAH 



FIGURE 7 - DATA CARRIER OtTECT SETUP TIME 



DCD 



Rx Clk 



'DCD 



Rx Data 



^RDSU- 



V ■■2.0 V 
/ ^0-8 V 



□0 



FIGURE 9 - BUS WRITE TIMING CHARACTERISTICS 
(Write information into SSDA) 



tAS- 



Enable 



V;"- 2.0 V 

RS. CS. R/W /{ V 
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DEVICE OPERATION 

At the bus interface, the SSDA appears as two address- 
able memory locations. Internally, there are seven registers: 
two read-only and five write-only registers. The read-only 
registers are Status and Receive Data; the write-only 
registers are Control 1, Control 2, Control 3, Sync Code 
and Transmit Data. The serial interface consists of serial 
input and output lines with independent clocks, and 
four peripheral/modem control lines. 

Data to be transmitted is transferred directly into the 
3-byte Transmit Data FIrst-ln FIrst-Out (FIFO) Register 
from the data bus. Availability of the input to the FIFO is 
indicated by a bit in the Status Register; once data is 
entered, it moves through the FIFO to the last empty 
location. Data at the output of the FIFO is automatically 
transferred from the FIFO to the Transmitter Shift 
Register as the shift register becomes available to transmit 
the next character. If data is not available from the FIFO 
(underflow condition), the Transmitter Shift Register is 
automatically loaded with either a sync code or an all 
"1"s character. The transmit section may be programmed 
to append even, odd, or no parity to the transmitted word. 
An external control line (Clear-to-Send) is provided to 
Inhibit the transmitter without clearing the FIFO. 

Serial data Is accumulated In the receiver based on the 
synchronization mode selected. In the external sync mode, 
used for parallel- serial operation, the recei ver is syn- 
chronized by the DCD (Data Carrier Detect) input and 
transfers successive bytes of data to the input of the 
Receiver FIFO. The single-sync-character mode requires 
that a match occur between the Sync Code Register and 
one incoming character before data transfer to the FIFO 
begins. The two-sync-character mode requires that two 
sync codes be received In sequence to establish syn- 
chronization. Subsequent to synchronization In any mode, 
data Is accumulated In the shift register, and parity Is 
optionally checked. An indication of parity error is 
carried through the Receiver FIFO with each character 
to the last empty location. Availability of a word at the 
FIFO output Is indicated by a bit in the Status Register, 
as is a parity error. 

The SSDA and its internal registers are selected by the 
address bus, Read/Write (R/W) and Enable control lines. 
To configure the SSDA, Control Registers are selected 
and the appropriate bits set. The Status Register is 
addressable for reading status. 

Other I/O lines, i n add ition to Clear-to-Send (CTS) and 
Data Carrier Detect (D CD), include SM/DTR (Sync Match/ 
Data Terminal Ready) and Transmitter Underflow (TUF). 
The transmitter and receiver each have Individual clock 
inputs allowing simultaneous operation under separate 
clock co ntrol. Signals to the mi croprocessor are the Data 
bus and Interrupt Request (IRQ). 



INITIALIZATION 

During a power-on sequence, the SSDA is reset via the 
Reset input and internally latched in a reset condition to 

prevent erroneous output transitions. The Sync Code 
Register, Control Register 2, and Control Register 3 should 
be programmed prior to the programmed release of the 
Transmitter and/or Receiver Reset bits; the se bit s in 
Control Register 1 should be cleared after the Reset line 
has gone high. 

TRANSMITTER OPERATION 

Data Is transferred to the transmitter section In parallel 
form by means of the data bus and Transmit Data FIFO. 
The Transmit Data FIFO is a 3-byte register whose status 
is indicated by the Transmitter Data Register Available 
status bit (TDRA) and its associated interrupt enable 
bit. Data Is transferred through the FIFO on Enable (E) 
pulses. Two data transfer modes are provided in the SSDA. 
The 1-byte transfer mode provides for writing data to 
the transmitter section (and reading from the receiver 
section) one byte at a time. The 2-byte transfer mode 
provides for writing two data characters in succession. 

Data will automatically transfer from the last register 
location in the Transmit Data FIFO (when it contains 
data) to the Transmitter Shift Register during the last 
half of the last bit of the previous character. A character 
is transferred into the Shift Register by the Transmitter 
Clock. Data is transmitted LSB first, and odd or even 
parity can be optionally appended. Theunused bit positions 
in short word length characters from the data bus are 
"don't cares". (Note: The data bus inputs may be reversed 
for applications requiring the MSB to be transferred first, 
e.g., IBM format for floppy disks; however, care must be 
taken to properly program the control registers — Table 1 
will have Its bit positions reversed.) 

When the Shift Register becomes empty, and data 
is not available for transfer from the Transmit Data FIFO, 
an "underflow" occurs, and a character is Inserted into the 
transmitter data stream to maintain character synchroni- 
zation. The character transmitted on underflow will be 
either a "Mark" (all "1"s) or the contents of the Sync 
Code Register, depending upon the state of the Transmit 
Sync Code on Underflow control bit. The underflow 
condition is indicated by a pulse Tx Clk high period) 
on the Underflow output (when in Tx Sync on underflow 
mode). The Underflow output occurs coincident with the 
transfer of the last half of the last bit preceding the under- 
flow character. The Underflow status bit Is set until 
cleared by means of the Clear Underflow control bit. 
This output may be used in floppy disk systems to syn- 
chronize write operations and for appending CRCC. 
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Transmission is Initiated by clearing the Transmitter 
Reset bit in Control Register 1. When the Transmitter 

Reset bit is cleared, the first full positive half-cycle of 
the Transmit Clocl< will initiate the transmit cycle, with the 
transmission of data or underflow characters beginning on 
the negative edge of the Transmit Clock pulse which started 
the cycle. If the Transmit Data FIFO was not loaded, 
an underflow character will be transmitted (see Figure 4). 

The Clear-to-Send (GTS) input provides for automatic 
control of the transmitter by m eans of external system 
hardware; e.g., the modem CTS output provides the con- 
trol in a data communications system. The CTS input 
resets and inhibits the transmitter section when high, 
but does not reset the Transmit Data FIFO. The TDRA 
status bit is inhibited by CTS being high in either the one- 
sync character or two-sync-character mode of operation. 
In the external sync mode, TDRA is unaffected by CTS in 
order to provide Transmit Data FIFO status for pre- 
loading and operating the transmitter under the control 
of the CTS input. When the Transmitter Reset bit (Tx Rs) 
is set, the Transmit Data FIFO is cleared and the TDRA 
status bit is cleared. After one E clock has occurred, the 
Transmit Data FIFO becomes available fornew data with 
TDRA inhibited. 

RECEIVER OPERATION 

Data and a presynchronized clock are provided to the 
SSDA receiver section by means of the Receive Data 
(Rx Data) and Receive Clock (Rx Clk) inputs. The data 
is a continuous stream of binary data bits without means 
for identifying character boundaries within the stream. 
It is, therefore, necessary to achieve character synchro- 
nization for the data at the 6esr//7/7//7g^ of the data block. 
Once synchronization is achieved, it is assumed to be 
retained for all successive characters within the block. 

Data communications systems utilize the detection 
of sync codes during the initial portion of the preamble to 
establish character synchronization. This requires the 
detection of a single code or two successive sync codes. 
Floppy disk and cartridge tape units require sixteen bits 
of defined preamble and cassettes require eight bits of 
preamble to establish the reference for the start of record. 
All three are functionally equivalent to the detection of 
sync codes. Systems which do not utilize code detection 
techniques require custom logic external to the SSDA for 
character synchronization and use of the parallel-to-serial 
(external sync) mode. (Note: The Receiver Shift Register 
is set to ones when reset.) 

SYNCHRONIZATION 

The SSDA provides three operating modes with respect 
to character synchronization: one-sync-character mode, 
two-sync-character mode, and external sync n*ode. The 



external sync mode requires synchronization and control 
of the receive! ng section through the Data Carrier Detect 

(DCD) input (see Figure 7). This e>;ternal synchronization 
could consist of direct line control from the transmitting 
end of the serial data link or from external logic designed 
to detect the start of the message block. The one-sync- 
character mode searches on a bit-by-bit basis until a match 
is achieved between the data in the Shift Register and the 
Sync Code Register. The match indicates character 
synchronization is complete and will be retained for the 
message block. In the two-sync-character mode, the 
receiver searches for the first sync code match on a bit- 
by-bit basis and then looks for a second successive sync 
code character prior to establishing character synchroni- 
zation. If the second sync code character is not received, 
the bit-by-bit search for the first sync code is resumed. 

Sync codes received prior to the completion of syn- 
chronization (one or two character) are not transferred to 
the Receive Data FIFO. Redundant sync codes during the 
preamble or sync codes which occur as "fill characters" 
can automatically be stripped from the data, when the 
Strip Sync control bit is set, to minimize system loading. 
The character synchronization will be retained until 
cleared by means of the Clear Sync bit, which also inhibits 
synchronization search when set. 

RECEIVING DATA 

Once synchronization has been achieved, subsequent 

characters are automatically transferred into the Receive 
Data FIFO and clocked through the FIFO to the last 
empty location by E pulses (MPU System 4>2). The 
Receiver Data Available status bit (RDA) indicates when 
data is available to be read from the last FIFO location 
(#3) when in the 1-byte transfer mode. The 2-byte transfer 
mode causes the RDA status bit to indicate data is avail- 
able when the last two FIFO register locations are full. 
Data being available in the Receive Data FIFO causes an 
interrupt request if the Receiver Interrupt Enable (RIE) 
bit is set. The MPU will then read the SSDA Status Regis- 
ter, which will indicate that data is available for the MPU 
read from the Receive Data FIFO register. The IRQ and 
RDA status bits are reset by a read from the FIFO. If 
more than one character has been received and is resident 
in the Receive Data FIFO, subsequent E clocks will cause 
the FIFO to update and the RDA and IRQ status bits 
will again be set. The read data operation for the 2-byte 
transfer mode requires an intervening E clock between 
reads to allow the FIFO data to shift. Optional parity 
is automatically checked as data is received, and the 
parity status condition is maintained with each character 
until the data is read from the Receive Data FIFO. Parity 
errors will cause an interrupt request if the Error Interrupt 
Enable (EIE) has been set. The parity bit is not trans- 
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ferred to the data bus but must be checked in the Status 
Register. NOTE: In the 2-byte transfer mode, parity 
should be checked prior to reading the second byte, 
since a FIFO read clears the error bit. 

Other status bits which pertain to the receiver section 
are Receiver Overrun and Data Carrier Detect (DCD). 
The Overrun status bit is automatically set when a transfer 
of a character to the Receive Data FIFO occurs and the 
first register of the Receive Data FIFO is full. Overrun 
causes an interrupt if Error Interrupt Enable (EIE) has 
been set. The transfer of the overrunning character into 
the FIFO causes the previous character in the FIFO 
input register location to be lost. The Overrun status bit 
is cleared by reading the Status Register (when the overrun 
condition is present), followed by a Receive Data FIFO 
Register read. Overrun cannot occur and be cleared 
without providing an opportunity to detect its occur- 
rence via the Status Register. 

A positive transition on the DCD Input causes an 
interrupt if the EIE control bit has been set. The Interrupt 
caused by DCD Is cleared by reading the Status Register 
when the DCD status bit is high, followed by a Receive 
Data FIFO read. The DCD status bit will subsequently 
follow the state of the DCD input when it goes low. 



INPUT/OUTPUT FUNCTIONS 

SSDA INTERFACE SIGNALS FOR MPU 

The SSDA interfaces to the IVICeSOO MPU with an 8-bit 
bi-directional data bus, a chip select line, a register select 
line, an interrupt request line, read/write line, an enable 
line, and a reset line. These signals, in cbnjunction with 
the MC6800 VMA output, permit the MPU to have com- 
plete control over the SSDA. 

SSDA Bl-Directional Data (D0-D7) - The bi-directional 
data lines (D0-D7) allow for data transfer between the 
SSDA and the MPU. The data bus output drivers are three- 
state devices that remain in the high-impedance (off) state 
except when the MPU performs an SSDA read operation. 

SSDA Enable (E) - The Enable signal, E, Is a high 
impedance TTL compatible input that enables the bus 
input/output data buffers, clocks data to and from the 
SSDA, and moves data through the FIFO Registers. 
This signal is normally the continuous MC6800 System 
02 clock, so that incoming data characters are shifted 
through the FIFO. 

Read/Write (R/W) - The Read/Write line is a high 
Impedance Input that is TTL compatible and is used 
to control the direction of data flow through the SSDA's 
input/output data bus interface. When Read/Write is high 
(MPU read cycle), SSDA output drivers are turned on if 



the chip is elected and a selected register is read. When 
it is low, the SSDA output drivers are turned off and the 
MPU writes into a selected register. The Read/Write signal 
is also used to select read-orily or write-only registers 
wit hin the SSD A. 

Chip Select (CS) — This high Impedance TTL compati- 
ble input line is used to address the SSDA. The SSDA is 
selected when CS is low. VMA should be used in gener- 
ating the CSinput to insure that false selects will not occur. 
Transfers of data to and from the SSDA are then per- 
formed under the control of the Enable signal. Read/ 
Write, and Register Select. 

Register Select (RS) — The Register Select line is a 
high impedance input that is TTL compatible. A high level 
is used to select Control Registers C2 and C3, the Sync 
Code Register, and the Transmit/Receive Data Registers. 
A low level selects the Control 1 and Status Registers (see 
Table 1). 

Trq) 



Interrupt Request (IRQ) - Interrupt Request Is a TTL 
compatible, open-drain (no Internal pullup), active low 
output that is used to interrupt the MPU. The Interrupt 
Request remains low until cleared by the MPU. 

Reset Input — The Reset input provides a means of 
resetting the SSDA from an external source. In the low 
state, the Reset input causes the following: 

1. Receiver Reset (Rx Rs) and Transmitter Reset 

(Tx Rs) bits are set causing both the receiver and 
transmitter sections to be held in a reset condition. 

2. Peripheral Control bits PCI and PC2 are reset to 

zero, causing the SM/DTR output to be high. 

3. The Error Interrupt Enable (EIE) bit is reset. 

4. An internal synchronization mode is selected. 

5. The Transmitter Data Register Available (TDRA) 

status bit is cleared and inhibited. 



When Reset returns high (the Inactive state), the trans- 
mitter and receiver sections will remain in the reset state 
until the Receiver Reset and Transmitter Reset bits are 
cleared via the bus under software control. The control 
Register bits affected by Resit (Rx Rs,Tx Rs, PC I, PC2, 
EIE, and E/l Sync) cannot be changed when Reset is low. 



CLOCK INPUTS 

Separate high impedance TTL compatible inputs are 

provided for clocking of transmitted and received data. 

Transmit Clock (Tx Clk)— The Transmit Clock Input 
is used for the clocking of transmitted data. The trans- 
mitter shifts data on the negative transition of the clock. 

Receive Clock (Rx Clk) — The Receive Clock Input is 
used for clocking in received data. The clock and data 
must be synchronized externally. The receiver samples 
the data on the positive transition of the clock. 



® 



MOTOROLA S&ntlcontiuctar Rrodmcts Inc. 



XC6852 



SERIAL INPUT/OUTPUT LINES 

Receive Data (Rx Data) — The Receive Data line is a 

high impedance TTL compatible input through which 
data is received in a serial format. Data rates are from to 
600 kbps. 

Transmit Data (Tx Data) - The Transmit Data output 
line transfers serial data to a modem or other peripheral. 
Data rates are from to 600 kbps. 

PERIPHERAL/MODEM CONTROL 

The SSDA includes several functions that permit 
limited contro l of a periphe ral or modem. The functions 
included are Clear-to-Send, Sync Match/Data Terminal 
Re ady, Data Car ri er De tect, an d Tran smitter Underflow. 

Clear-to-Send (CTS) — The CTS input provides a real- 
time inhibit to the transmitt er sec tion (the Tx Data FIFO 
is not disturbed). A positive CTS transition resets the Tx 
Shift Register and inhibits the TDRA status bit and its 
associated interrupt in both the one-sync-character and two- 
sync-character modes of operation. TDRA is not affected 
by the CTS input in the extern al syn c mode. 

The positive transition of CTS is stored within the 
SSDA to insure that its occurrence will be acknowledged 
by the system. The stored CTS information and its 
associated IRQ (if enabled) are cleared by writing a "1" 
in the Clear CTS bit in Control Register 3 or in the 
Transmitter Reset bit. The CTS status bit subsequently 
follows the CTS input when it goes low. 

The CTS input provides character timing for trans- 
mitter data when in the external sync mode. Transmission 
is initiated on the negative transition of the first full 
positive clock pulse of the transmitter clock (Tx Clk) 
after the release of CTS (see Figure 6). 

Data Carrier Detect (DCD) - The DCD input provides 
a real-time inhibit to the receiver section (the Rx FIFO is 
not disturbed). A positive DCD transition resets and 
inhibits the receiver section except for the Receive FIFO 
and the RDRA status bit and its associated IRQ. 

The positive transition of DCD is stored within the 
SSDA to insure that its occurrence will be acknowledged 
by the system. The stored DCD information and its 
associated IRQ (if enabled) are cleared by reading the 
Status Register and then the Receiver FIFO, or by writing 
a "1" into the Receiver Reset bit. The DCD status bit 
subsequently follows the DCD input when it goes low. 
The DCD input provides character synchronization 
timing for the receiver during the external sync mode of 
operation. The receiver will be initialized and data will 
be sampled on the positive transition of the first full 
Receive Clock cycle after release of DCD (see Figure 7). 

Sync Match/Data Terminal Ready (SM/DTR) - 
The SM/DTR output provides four functions (see Table 1) 



depending on the state of the PCI and PC2 control bits. 
When the Sync Match mode is selected (PCI = "1", 

PC2 = "0"), the output provides a one-bit-wide pulse 
when a sync code is detected. The SM output is inhibited 
when PC2 = "1". The DTR mode (PCI = "0") provides 
an output level corresponding to the complement of PC2 
(DTR"= "0" when PC2 = "1 "). (See Table 1 ). 

Transmitter Underflow (TUF) - The Underflow output 
indicates the occurrence of a transfer of a "fill character" 
to the Transmitter Shift Register when the last location 
(#3) in the Transmit Data FIFO is empty. The Under- 
flow output pulse is approximately a Tx Clk high period 
wide and occurs during the last half of the last bit of the 
character preceding the "Underflow" (see Figure 4). 
The Underflow output does not respond to underflow 
conditions when the Tx Sync bit is in the reset state. 

SSDA REGISTERS 

Seven registers in the SSDA can be accessed by means 

of the bus. The registers are defined as read-only or 
write-only according to the direction of information flow. 
The Register Select input (RS) selects two registers in 
each state, one being read-only and the other write-only. 
The Read/Write input (R/W) defines which of the two 
selected registers will actually be accessed. Four registers 
(two read-only and two write-only) can be addressed 
via the bus at any particular time. These registers and the 
required addressing are defined in Table 1. 

CONTROL REGISTER 1 (CI) 

Control Register 1 is an 8-bit write-only register 
that can be directly addressed from the data bus. Control 
Register 1 is addressed when RS = "0" and R/W = "0". 

Receiver Reset (Rx Rs), CI Bit - The Receiver 
Reset control bit provides both a reset and inhibit function 
to the receiver section. When Rx Rs is set, it clears the 
receiver control logic, sync logic, error logic, Rx Data 
FIFO, Parity Error status bit, and DCD interrupt. The 
Receiver Shift Register is set to ones. The Rx Rs bit must 
be cleared after the occurrence of a low level on Reset 
in order to enable the receiver section of the SSDA. 

Transmitter Reset (Tx Rs), CI Bit 1 — The Trans- 
m'rtter Reset control bit provides both a reset and inhibit 
to the transmitter section. When Tx Rs is set, it clears 
the transmitter control section, Transmitter Shift Register, 
Tx Data FIFO (which can be reloaded after one E clock 
puls e), the Transmitter Underflow status bit, and the 
CTS interrupt, and inhibits the TDRA status bit (in 
the one-sync-character and two-sync-character modes). 
The Tx Rs bit must be cleared after the occurrence of a 
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TABLE 1 - SSDA PROGRAMMING MODEL 



Register 


Coi 
Im 


itrol 
>uts 


Add 
Cor 


ress 
trol 


Register Content 


RS 


R/W 


AC2 


Api 


Rit 7 

B't r 


Rit ft 


Ri* R 


Rt4 A 


BU-d 


atl £. 




™t " 


Status (S) 





1 


X 


X 


Interrupt 
Request 
(IRQ) 


Receiver 
Parity 
Error 
(PE) 


Receiver 
Overrun 
(Rx Ovrn) 


Transmitter 
Underflow 
(TUF) 


Clear-to- 
Send 
(CTS) 


Data Carrier 
Detect 
(DCD) 


Transmitter 
Data 
Register 
Available 
(TDRA) 


Receiver 

Data 
Available 
(RDA) 


Control 1 
(CD 








X 


X 


Address 
Control 2 
(AC2) 


Address 
Control 1 
(AC1) 


Receiver 
Interrupt 
Enable 
(RIE) 


Transmitter 
Interrupt 
Enable 
(TIE) 


Clear 
Sync 


Strip Sync 
Characters 
(Strip Sync) 


Transmitter 
Reset 
(Tx Rs) 


Receiver 

Reset 
(Rx Rs) 


Receive 
Data FIFO 


1 






X 


D7 


D6 


D- 


D4 


D3 


D2 


D1 


DO 


Control 2 
(C2) 


1 











Interrupt 
Enable 
(EIE) 


T r3nsm 1 1 
Sync Code 
on 

Underflow 
(Tx Svnc) 


Word 
Length 
Select 3 

(WS3I 


Word 
Length 
Select 2 
(WS2) 


vvoro 
Length 
Select 1 

(WS1) 


1 - t5y Te/ ^-D V le 

Transfer 
(1-Byte/2-Byte) 


Peripheral 
Control 2 
(PC2) 


Peripheral 
Control 1 
(PCI) 


Control 3 
(C3) 


1 








1 


Not Used 


Not Used 


Not Used 


Not Used 


Clear 
Transmitter 
Underflow 
Status 
(CTUF) 


Clear CTS 

Status 
(Clear CTS) 


One-Sync- 
Character/ 
Two-Sync 
Character 
Mode Control 
(1 Sync/ 
2 Sync) 


External/ 
1 nternal 

Sync Mode 
Control 

(E/l Sync) 


Sync Code 


1 





1 





D7 


D6 


D5 


04 


D3 


D2 


D1 


DO 


Transmit 
Data FIFO 


1 





1 


1 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



X = Don't care 
STATUS REGISTER 

IRQ Bit 7 The IRQ flag is cleared when the source of the IRQ Is 
cleared. The source is determined by the enables in the 
Control Registers: TIE. RIE, EIE. 

indicate the SSDA status at a point in time, and can be 

reset as follows: 

Bit 6 Read Rx Data FIFO, or a "1" into Rx Rs (01 Bit 0). 
Read Status and then Rx Data FIFO, or a "1 " into 
Rx Rs (CI Bit 0). 

A "I" into CTU F (C3 Bit 3) or intoTx Rs (CI Bit 1) 
A "l" into Clear CT5 (03 Bit 2) or a "1" intoTx Rs 
(CI Biti) 

Read Status and then Rx Data FIFO or a "1" into 

Rx Rs (CI Bit 0) 
Write into Tx Data FIFO. 
Read Rx Data FIFO. 

CONTROL REGISTER 1 
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PE 
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RDA 
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Bits 7, 6 Used to access other registers, as shown above. 
Bit 5 When "1", enables interrupt on RDA (S Bit 0). 
When "1", enables interrupt on TDRA (S Bit 1). 
When "1", clears receiver character synchronization. 
When "1", strips all sync codes from the received 
data stream. 

When "1", resets and inhibits the transmitter section, 
resets and frthifeits the receiver section. 



Bit 4 

Bit 3 

Bit 2 

Bit 1 
Bit 



•V 



When 

CONTROL REGISTER 3 

CTUF Bit 3 When "I", clears TUF (S Bit 4), and IRQ if enabled. 

Clear CTS Bit 2 When "1 ", clears"CTS (S Bit 3), and IRQ it enabled 

1 Sync/2 Sync Bit 1 When "1", selects the one-sync-character mode; when 

"0", selects the two-sync-character mode. 
E/l Sync Bit When " 1 ". selects the external sync mode; when "0", 

selects the internal sync mode. 



CONTROL REGISTER 2 



EIE 



Bit 7 When "1", enables the PE, Rx Ovrn. 



TUF, CTS. and DCD interrupt flags 
(S Bits 6 through 2). 

Tx Sync Bit 6 When "1", allows sync code contents 

to be transferred on underflow, and 
enables the TUF Status bit and out- 
put. When "0", an all mark character 
is transmitted on underflow. 

WS3. 2, 1 Bits 5-3 Word Length Select 



Bit 5 


Bit 4 


Bit 3 


Word Length 


WS3 


WS2 


WS1 











6 Bits -t Even Parity 








1 


6 Bits + Odd Parity 





1 





7 Bits 





1 


1 


8 Bits 


1 








7 Bits t Even Parity 


1 





1 


7 Bits ^ Odd Parity 


1 


1 





8 Bits 1 Even Parity 


1 


1 


1 


8 Bits + Odd Parity 



1-Byte/2 Byte Bit 2 



PC2, PCI Bits 1-0 



When "1". enables the TDRA and 
RDA bits to indicate when a 1-byte 
transfer can occur; when "0", the 
TDRA and RDA bits indicate when 
a 2- byte transfer can occur. 
SM/'DTR Output Control 



Bit 1 


Bit 




PC2 


PCI 


■ji' ! !-) 1 R Output ai Pin 5 








, , 1 





1 


Pulse -J . 1-Bit Wide, on SIVl 


1 








1 


1 


SM Inhibited. 



NOTE: When the SSDA is used in applications requiring the MSB of data to 
be received and transmitted first, the data bus inputs to the SSDA may be 

reversed (DO to D7, etc.). Caution must be used when this is done since the 
bit positions in this table will be reversed, and the parity should not be selected. 
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low level on Reset in order to enable the transmitter 
section of the SSDA. 

Strip Synchronization Characters (Strip Sync), C1 
Bit 2 - If the Strip Sync bit is set, the SSDA will auto- 
matically strip ail received characters which match the 
contents of the Sync Code Register. The characters used 
for synchronization (one or two characters of sync) 
are always stripped from the received data stream. 

Clear Synchronization (Clear Syhc), CI Bit 3 - The 
Clear Sync control bit provides the capability of dropping 
receiver character synchronization and inhibiting resyn- 
chronization. The Clear Sync bit is set to clear and inhibit 
receiver synchronization in all modes and is reset to zero 
to enable resynchronization. 

Transmitter Int errupt Enable (TIE ), C1 Bit 4 - TIE 
enables both the Interrupt Request output (IRQ) and 
Interrupt Request status bit to indicate a transmitter 
service request. When TIE is set and the TDRA status bit 
is high, the IRQ output will go low (the active state) 
and the IRQ status bit will go high. 

Receiver Inter rupt Enable (RIE ), CI Bit 5 - RIE 
enables both the Interrupt Request output (IRQ) and the 
Interrupt Request status bit to indicate a receiver service 
request. When RIE is set and the RDA status bit is high, 
the IRQ output will go low (the active state) and the IRQ 
status bit will go high. 

Address Control 1 (AC1) and Address Control 2 
(AC2), CI Bits 6 and 7 - AC1 and AC2 select one of the 
write-only registers — Control 2, Control 3, Sync Code, 
or Tx Data FIFO-as shown in Table 1, when RS = "1" 
and R/W = "0". 

CONTROL REGISTER 2 (C2) 

Control Register 2 is an 8-bit write-only register which 
can be programmed from the bus when the Address Con- 
trol bits in Control Register 1 (AC1 and AC2) are reset, 

RS = "1" and R/W = "0". 

Peripheral Control 1 (PCI) and Peripheral Control 2 
(PC2), C2 Bits and 1- Two control bits, PCI and PC2, 
determine the operating characteristics of the Sync Match/ 
DTR output. PCI, when high, selects the Sync Match 
mode. PC2 provides the inhibit/enable control for the 
SM/DTR output in the Sync Match mode. A one-bit-wide 
pulse is generated at the output when PC2 is "0", and a 
match occurs between the contents of the Sync Code 
Register and the incoming data even if sync is inhibited 
(Clear Sync bit = "1"). The Sync Match pulse is referenced 
to the negative edge of Rx Clk pulse causing the match 
(see Figure 3). 

The Data Terminal Ready (DTR) mode is selected 
when PCI is low. When PC2 = "1" the SM/DTR output 
= "0" and vict versa. The operation of PC2 and PCI 
is summarized in Table 1. 



1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2 Bit 2 - 

When 1-Byte/2-Byte is set, the TDRA and RDA status 
bits will indicate the availability of their respective data 
FIFO registers for a single byte data transfer. Alternately, 
if 1 Byte/2 Byte is reset, the TDRA and RDA status bits 
indicate when two bytes of data can be moved without a 
second status read. An intervening Enable pulse must 
occur between data transfers. 

Word Length Selects (WS1, WS2, WS3), 02 Bits 3, 4, 5 

- Word Length Select bits WSl, WS2, and WS3 select 
word length of 7, 8, or 9 bits including parity as shown 
in Table 1 . 

Transmit Sync Code on Underflow (Tx Sync), 02 Bit 6 

— When Tx Sync is set, the transmitter will automatically 
send a sync character when data is not available for trans- 
mission. If Tx Sync is reset, the transmitter will transmit a 
Mark character (including the parity bit position) on 
underflow. When the underflow is detected, a pulse 
approximately a Tx Clk high period wide will occur on 
the underflow output if the Tx Sync bit is set. Internal 
parity generation is inhibited during underflow except 
for sync code fill character transmission in 8 bit plus parity 
word lengths. 

Error Interrupt Enable (EIE), C2 Bit 7 - When EIE 
is set, the IRQ status bit will go high and the IRQ output 
will go low if: 

1. A receiver overrun occurs. The interrupt is cleared 
by reading the Status Register and reading the 
Rx D ata FIFO. 

2. DCD input has gone to a "1". The interrupt is 
cleared by reading the Status Register and reading 
the Rx Data FIFO. 

3. A parity error exists for the character in the last 
location (#3) of the Rx Data FIFO. The interrupt 
is cleared by reading the Rx Data FIFO. 

4. The CTS input has gone to a "1". The interrupt 
is cleared by writing a "1" in the Clear CTS bit, 
C3 bit 2, or by a Tx Reset. 

5. The transmitter has underflowed (in the Tx Sync 
on Underflow mode). The interrupt is cleared by 
writing a "1" into the Clear Underflow, C3 bit 3, 
or Tx Reset. 

When EIE is a "0", the IRQ status bit and the IRQ 

output are disable d for the above error conditions. A low 
level on the Reset input resets EIE to "0". 



OONTROL REatSTER 3 (03) 

Control Register 3 is a 4-bit write-only register which 
can be programmed from the bus when RS = "1" and 
R/W = "0" and Address Control bit AC1 = "1" and 
AC2 = "0". 



® 
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External/Internal Sync Mode Control (E/l Sync), C3 
Bit - When the E/l Sync Mode bit is high, the SSDA is 
in the external sync mode and the receiver synchroni- 
zation logic is disabled. Synchronization can be achieved 
by means of the DCD input or by starting Rx Clk at the 
midpoint of data bit of a character with DCD low. 
Both the transmitter and receiver sections operate as 
parallel — serial converters in the External Sync mode. 
The Clear Sync bit in Control Register 1 acts as a receiver 
sync inhibit when high to provide a bus controllable 
inhibit. The Sync Code Register can serve as a transmitter 
fill character register and a receiver match register in this 
mode. A "low" on the Reset input resets the E/l Sync 
Mode bit placing the SSDA in the internal sync mode. 

One-Sync-Character/Two-Sync-Character l\Aode Con- 
trol (1 Sync/2 Sync), C3 Bit 1 - When the 1 Sync/2 Sync 
bit is set, the SSDA will synchronize on a single match 
between the received data and the contents of the Sync 
Code Register. When the 1 Sync/2 Sync bit is reset, two 
successive sync characters must be received prior to 
receiver synchronization. If the second sync character is 
not detected, the bit by bit search resumes from the 
first bit In the second character. See the description of the 
Sync Code Register for more details. 

Clear CT? Status (Clear CTS), C3 Bit 2 - When a "1 " 
is written into the Clear CTS bit, the stored status and 
interrupt are cleared. Subsequently, the CTS status bit 
reflects the state of the CTS Input. The Clear CTS control 
bit does not affect the CTS input nor its inhibit of the 
transmitter section. The Clear CTS command bit is self- 
clearing, and writing a "0" into this bit is a nonfunctional 
operation. 

Clear Transmit Underflow Status (CTUF), 03 Bit 3 - 

When a "1" is written into the CTUF status bit, the 
CTUF bit and its associated interrupt are reset. The 
CTUF command bit is self-clearing and writing a "0" 
into this bit is a nonfunctional operation. 

SYNC CODE REGISTER 

The Sync Code Register is an 8-bit register for storing 
the programmable sync code required for received data 
character synchronization in the one-sync-character and 
two-sync-character modes. The Sync Code Register also 
provides for stripping the sync/fill characters from the 
received data (a programmable option) as well as auto- 
matic insertion of fill characters In the transmitted data 
stream. The Sync Code Register is not utilized for receiver 
character synchronization in the external sync mode; 
however, it provides storage of receiver match and transmit 
fill characters. 

The Sync Code Register can be loaded when AC2 and 
AC1 are a "1" and "0", respectively, and R/W = "0" 
and RS= "1". 



The Sync Code Register may be changed after the 
detection of a match with the received data (the first 
sync code having been detected) to synchronize with a 
double-word sync pattern. (This sync code change must 
occur prior to the completion of the second character.) 
The sync match (SM) output can be used to Interrupt the 
MPU system to indicate that the first eight bits have 
matched. The service routine would then change the sync 
match register to the second half of the pattern. Alter- 
nately, the one-sync-character mode can be used for sync 
codes for 16 or more bits by using software to check the 
second and subsequent bytes after reading them from 
the FIFO. 

The detection of the sync code can be programmed 
to appear on the Sync Match/DTR output by writing a 
"1" in PCI (C2 bit 0) and a "0" in PC2 (C2 bit 1). The 
Sync Match output will go high for one bit time beginning 
at the character interface between the sync code and the 
next character (see Figure 3). 



RECEIVE DATA FiRST-IN FIRST-OUT REGISTER (Rx 
Data FIFO) 

The Receive Data FIFO Register consists of three 8-blt 
registers which are used for buffer storage of received 
data. Each 8-bit register has an internal status bit which 
monitors Its full or empty condition. Data Is always 
transferred from a full register to an adjacent empty 
register. The transfer from register to register occurs on 
E pulses. The RDA status bit will be high when data is 
available in the last location of the Rx Data FIFO. 

In an Overrun condition, the overrunning character 
will be transferred into the full first stage of the FIFO 
register and will cause the loss of that data character. 
Successive overruns continue to overwrite the first register 
of the FIFO. This destruction of data is indicated by 
means of the Overrun status bit. The Overrun bit will be 
set when the overrun occurs and remains set until the 
Status Register is read, followed by a read of the Rx 
Data FIFO. 

Unused data bits for short word lengths (including 
the parity bit) will appear as "0"s on the data bus when 
the Rx Data FIFO is read. 

TRANSMIT DATA FIRST-IN FIRST-OUT REGISTER 
(Tx Data FIFO) 

The Transmit Data FIFO Register consists of three 

8-bit registers which are used for buffer storage of data 
to be transmitted. Each 8-bit register has an internal status 
bit which monitors its full or empty condition. Data is 
always transferred from a full register to an adjacent 
empty register. The transfer is clocked by E pulses. 
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The TDRA status bit will be high if the Tx Data 
FIFO is available for data. 

Unused data bits for short word lengths will be handled 
as "don't cares". The parity bit is not transferred over the 
data bus since the SSD A generates parity at transmission. 

When an Underflow occurs, the Underflow character 
will be either the contents of the Sync Code Register or 
an all "1"s character. The underflow will be stored in the 
Status Register until cleared and will appear on the 
Underflow output as a pulse approximately a Tx Clk 
high period wide. 

STATUS REGISTER 

The Status Register is an 8-bit read-only register which 
provides the real-time status of the SSDA and the 
associated serial data channel. Reading the Status Register 
is a non-destructive process. The method of clearing status 
bits depends upon the function each bit represents and is 
discussed for each bit In the register. 

Receiver Data Available (RDA), S Bit - The Receiver 
Data Available status bit Indicates when receiver data can 
be read from the Rx Data FIFO. The receiver data being 
present in the last register (#3) of the FIFO causes RDA 
to be high for the 1-byte transfer mode. The RDA bit 
being high indicates that the last two registers (#2 and 
#3) are full when in the 2-byte transfer mode. The second 
character can be read without a second status read (to 
determine that the character is available). An E pulse 
must occur between reads of the Rx Data FIFO to allow 
the FIFO to shift. Status must be read on a word-by-word 
basis if receiver data error checking is important. The 
RDA status bit is reset automatically when data is 
not available. 

Transmitter Data Register Available (TDRA), S Bit 1 - 
The TDRA status bit indicates that data can be loaded 
Into the Tx Data FIFO Register. The first register (#1) 
of the Tx Data FIFO being empty will be indicated by a 
high level in the TDRA status bit in the 1 -byte transfer 
mode. The first two registers (#1 and #2) must be empty 
for TDRA to be high when in the 2-byte transfer mode. 
The Tx Data FIFO can be loaded with two bytes without 
an intervening status read; however, one E pulse must 
occur between loads. TDRA is inhibited by the Tx Reset 
or Reset. When Tx Reset is set, the Tx Data FIFO is 
cleared and then released on the next E clock pulse. 
The Tx Data FIFO can then be loaded with up to three 
characters of data, even though TDRA is inhibited. This 
feature allows preloading data prior to the release of 
Tx Reset. A high level on the CTS Input Inhibits the 
TDRA status bit in either sync mode of operation (one- 
sync-character or two-sync-character). CTS does not affect 



TDRA in the external sync mode. This enables the SSDA 
to operate under the control of the CTS input with TDRA 
indicating the status of the Tx Data FIFO. The CTS 
input does not clear the Tx Data FIFO in any operating 
mode. 

Data Carrier Detec t (DCD), S Bit 2 - A positive 
transition on the DCD Input is stored in the SSDA until 
cleared by reading both Status and Rx Da ta FI FO. A 
"^" written into Rx Rs also clears the stored DCD st atus . 
The DCD status bit, when set, indicates that the DCD 
input has gone high. The reading of both Status and 
Receive Data FIFO allows Bit 2 of subsequent Status 
reads to indicate the state of the DCD input until the 
next positive transition. 

Clear-to-Send (CTS), S Bit 3 - A positive transition 
on the CTS Input is stored in the SSDA until cleared by 
writing a "1" into the Clear CTS control bit or the Tx Rs 
bit. The CTS status bit, when set, indi cates that the CTS 
input has gone high. The Clear CTS command (a "^" 
into C3 Bit 2) allows Bit 3 of subsequent Status reads to 
indicate the state of the CTS input until the next posi- 
tive transition. 

Transmitter Underflow (TUP), S Bit 4 - When data is 
not available for the transmitter, an underflow occurs 
and is so indicated in the Status Register (in the Tx Sync 
on underflow mode). The underflow status bit is cleared 
by writing a "1" into the Clear Underflow (CTUF)iControl 
bit or the Tx Rs bit. TUP indicates that a sync character 
will be transmitted as the next character. A TUP is 
indicated on the output only when the contents of the 
Sync Code Register is to be transferred (transmit sync 
code on underflow = "^"). 

Receiver Overrun (Rx Ovrn), S Bit 5 — Overrun indi- 
cates data has been received when the Rx Data FIFO is 
full, resulting In cfata loss. The Rx Ovrn status bit is set 
when Overrun occurs. The Rx Ovrn status bit is cleared 
by reading Status followed by reading the Rx Data FIFO 
or by setting the Rx Rs control bit. 

Receiver Parity Error (PE), S Bit 6 — The parity error 
status bit Indicates that parity for the character in the last 
register of the Rx Data FIFO did not agree with selected 
parity. The parity error is cleared when the character to 
which it pertains is read from the Rx Data FIFO or when 
Rx Rs occurs. The DCD input does not clear the Parity 
Error or Rx Data FIFO status bits. 

Interrupt Request (IRQ), S Bit 7 - T he Interrupt 
Request status bit indicates when the IRQ output is in 
the active state (fRQ output = "0"). The IRQ status bit 
is subject to the same interrupt enables (RIE, TIE, and 
EIE) as the IRQ output. The IRQ status bit simplifies 
status inquiries for polling systems by providing single 
bit indication of service requests. 
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PIN ASSIGNMENT 



PACKAGE DIMENSIONS 



1. LEADS TRUE POSITIONED WITHIN 
0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


29.97 


30.99 


1.180 


1.220 


B 


14.88 


15.62 


0.585 


0.615 


C 


3,05 


4.19 


0.120 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.88 


15.37 


0.585 


0.605 


M 




10° 




10° 


N 


0.51 


1.52 


0.020 


0.060 




CASE 709-01 
(PLASTIC) 



— hI — |g|— - 



" J 



D SEATING 
PLANE 



3i 



-M 





MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


31.37 


32.13 


1.235 


1.265 


B 


13.72 


14.22 


0.540 


0.560 


C 


4.57 


5.08 


0.180 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.41 


2.67 


0.095 


0.105 


H 


1.78 


2.03 


0.070 


0.080 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


L 


14.73 


15.24 


0.580 


0.600 


M 


OO 


10" 


0° 


101 


N 


0.51 


1.02 


0.020 


0.040 





NOTES: 

1. LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA 
ATSEATING PLANE AT 
MAXIMUM MATERIAL CON- 
DITION. (DIM. "D") 

2. DIM "L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 
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!. PHOEN IX, ARIZONA 85036 



MC6860 



0-600 bps DIGITAL MODEM 

The MC6860 is a MOS subsystem designed to be integrated into a 
wide range of equipment utilizing serial data communications. 

The modem provides the necessary modulation, demodulation and 
supervisory control functions to implement a serial data commujiica- 
tions link, over a voice grade channel, utilizing frequency shift 
keying (FSK) at bit rates up to 600 bps. The MC6860 can be 
implemented into a wide range of data handling systems, including 
stand alone modems, data storage devices, remote data communi- 
cation terminals and I/O interfaces for minicomputers. 

N-channel silicon gate technology permits the MC6860 to operate 
using a single voltage supply and be fully TTL compatible. 

The modem is compatible with the M6800 microcomputer family, 
interfacing directly with the Asynchronous Communications Interface 
Adapter to provide low-speed data communications capability. 

• Originate and Answer Mode 

• Crystal or External Reference Control 

• Modem Self Test 

• Terminal Interfaces TTL-Compatible 

• Full-Duplex or Half-Duplex Operation 

• Automatic Answer and Disconnect 

• Compatible Functions for 100 Series Data Sets 

• Compatible Functions for 1 001 A/B Data Couplers 



(N-CHANNEL, SILICON-GATE) 



0-600 bps 
DIGITAL MODEM 




NOT SHOWN: 



L SUFFIX 
CERAMIC PACKAGE 
CASE 716 



PSUFFIX 
PLASTIC PACKAGE 
CASE 709 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MC6860 DIGITAL MODEM 
BLOCK DIAGRAM 



MC6800 
Microprocessor 



Address Data 
Bus Bus 



Read Only 
Memory 



Random 
Access 
Memory 



I nterf ace 
Adapter 



I nterf ace 
Adapter 



MC6860 
Modem 



Modulator 



Digital 
Data 



Modem 
Control 











Demodulator 








Supervisory 
Control 







Analog 
Data 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


Ta 


to +70 


°C 


Storage Temperature Range 


^stg 


-55 to +150 


°C 


Thermal Resistance 


«JA 


82.5 


"C/W 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields: however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high Impedance circuit. 



ELECTRICAL CHARACTERISTICS (Vdd = 5.0 ±0.25 Vdc, ail voltages referenced to Vss = 0, Ta = to 70°C, 



all outputs loaded as shown In Figure 1 unless otherwise noted.) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage, All Inputs Except Crystal 


V|H 


2.0 




Vdd 


Vdc 


Input Low Voltage, All Inputs Except Crystal 


VlL 


Vss 


- 


0.80 


Vdc 


Crystal Input Voltage 

(Crystal Input Driven from an External Reference, Input Coupling 
Capacitor = 200 pF, Duty Cycle = 50 ±5%) 


V|n 


1.5 




2.0 


Vp.p 


Input Current 

( Vji^ — vggf All 1 nputs except rf x v^ar, i x uata, i u, i o i , n i, ori 

Rl, SH Inputs 


l|n 






-1.6 


mAdc 


Input Leakage Current 

(Vin = 7 Vdc, Vdd = Vss Ja = 25°C) 


l|L 






1.0 


fiAdc 


Output High Voltage, All Outputs Except An Ph and Tx Car 

dom = -0 04 mAdc, Load A) 


VOHI 


2.4 




Vdd 


Vdc 


Output Low Voltage, All Outputs Except An Ph and Tx Car 
do LI ^ l mAdc, Load A) 


VOLI 


Vss 




0.40 


Vdc 


Output High Current, An Ph 
(VoH2 = 0-8 Vdc, Load B) 


'OH2 


0.30 






mAdc 


Output Low Voltage, An Ph 
( Iq L2 = 0' Load B) 


V0U2 


Vss 




6.3b 


Vdc 


Input Capacitance 

(f = 0.1 MHz,Ta = 25°C) 


Cin 




5.0 




pf^ 


Output Capacitance 

(f = 0.1 MHz, Ta = 25°C) 


Cout 




10 




pF 


Transmit Carrier Output Voltage 
(Load C) 


vco 


0.20 


0.35 


0.50 


V(RMS) 


Transmit Carrier Output 2nd Harmonic 

(Load C) 


V2H 


-25 






dB 


Input Transition Times, All Inputs Except Crystal 

(Operating in the Crystal Input Mode; from 10% to 90% Points) 


tr 
tf 






1.0* 
1.0* 


MS 


Input Transition Times, Crystal Input 

(Operating in External Input Reference Mode) 


tr 
tf 






30 
30 


ns 


Output Transition Times, All Outputs Except Tx Car 

(From 10% to 90% Points) 


tr 

tf 






5.0 

5.0 


MS 


Vqo Supply Current 

(All Inputs at Vss ^'1 Outputs Open) 






30 


65 


mAdc 



'Maximum Input Tran»tiQn Times are < 0.1 x Pulse Width or the specified maximum of 1 .0 lis, whichever is smaller. 
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FIGURE 1 - OUTPUT TEST LOADS 



A — TTL Output Load for Receive Break, Digital Carrier, 
and Receive Data Outputs 



Mode. Clear-to-Sand, 




r 



MC6860 




Simulatsd TTL Load 



9 Vo D 



R1 



MMD6150 

or Equiv 

IVIIVID7000 
or Equiv 



C-f = 20 pF = total parasitic capacitance, which include* 

probe, wiring, and load capacitances 
R1 is adjusted for t| = 1.6'mA at V| = 0.4 V when 

output node is disconnected. 



_l 



Load B — AnsMrer Phone Load 



Load C — Transmit Carrier Load 




9 VoD 



Pin 4 



2.67 k 
+ 1% 



Ct 



I 



Pin 10 100 k 

— )| — VW 



1.0 mf 



1 k 



100 k 




MC6860 



MC6860 



MCI 458 
or Equiv 



I 
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BLOCK DIAGRAM 



Data Te rminal 
Ready 

Clear-to-Send 23 i 



Break Release 9 O- 
Receive Break 3 Oa 



Transmit Break 8 O- 



Terminal 
Control 
Logic 



Auto 

A nswer/ 

Disconnect 
Logic 



Digital Carrier 1 1 O" 
Transmit Data 2 O— 
Transmit Carrier 10 O" 

Receive Data 24 0« 

Receive 
Data Rate 

Receive Carrier 1 7 
Crystal 13 

Test Clock 18 i 



Modulator 



De< 
modulator 



Osc 



Timing 



»0 4 Answer Phone 



19 Ring Indicator 
21 Switch Hook 
1 5 Mode 

7 Threshold Detect 



Vdd = Pin 12 
Vss = Pin 1 



NOTE 1. 

ESD = Enable Space Disconnect 



ELS = Enable Long Space Disconnect 
ESS = Enable Short Space Disconnect 



O O 

Self Test 16 22 5 6 ESS (Note 1) 
iSD EXM 



DEVICE OPERATION* 



GENERAL 

Figure 2 shows the modem and its interconnections. 

The data to be transmitted is presented in serial format 
to the modulator for conversion to FSK signals for trans- 
mission on the telephone line. The modulator output is 
buffered before driving the line. 

The FSK signal from the remote modem is received 
via the telephone line and filtered to remove extraneous 
signals such as the local Transmit Carrier. This filtering 
can be either a bandpass which passes only the desired 
band of frequencies or a notch which rejects the l<nown 
interfering signal. The desired signal is then limited to 
preserve the axis crossings and fed to the demodulator 
where the data is recovered from the received FSK carrier. 

The Supervisory Control provides the necessary com- 
mands and responses for handshaking with the remote 
modem, along with the interface signals to the data coupler 
and communication terminal. If the modem is a built-in 
unit, all input-output (I/O) logic need not be RS-232 

'See Tables 1 and 2 for delay time tolerances. 



compatible. However, if the modem is a stand-alone unit 

the computer-modem I/O interface must conform to the 
EIA specification. The use of MC1488and IV1C1489A line 
drivers and receivers will provide the required interface. 



Answer Mode 

Automatic answering is first initiated by a receipt of a 
Ring Indicator (Rl) signal. This can be either a low level 
for at least 51 ms as would come from a CBS data 
coupler, or at least 20 cycles of a 20-47 Hz ringing signal 
(low level > 50% of the duty cycle) as would come from a 
CBT data coupler. The presence of the Ring Indicator 
signal places the modem in the Answer Mode; if the Data 
Terminal Ready line is low, indicating the communication 
terminal is ready to send or receive data, the Answer Phone 
output goes high. This output is designed to drive a tran- 
sistor switch which will activate the Off Hook (OH) and 
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Data Transmission (DA) relays in the data coupler. Upon 
answering the phone the 2225-Hz Transmit Carrier is 
turned on. 

The originate modenn at the other end detects this 

2225-Hz signal and after a 450 ms delay (used to disable 
any echo suppressors in the telephone network) trans- 
mits a 1270-Hz signal which the local answering modem 
detects, provided the amplitude and frequency require- 
ments are met. The amplitude threshold is set external to 
the modem chip. If the signal level is sufficient the TD 
input should be low for 20 lis at least once every 
32 ms. The absence of a threshold indication for a period 
greater than 51 ms denotes the loss of Receive Carrier 
and the modem begins hang-up procedures. Hang-up will 
occur 17 s after Rl has been released provided the 
handshaking routine is not re-established. The frequency 
tolerance during handshaking is ±.100 Hz from the 
Mark frequency. 

After the 1270-Hz signal has been received for 150 ms, 
the Receive Data is undamped from a Mark condition and 
data can be received. The Clear-to-Send output goes low 
450 ms after the receipt of carrier and data presented to 
the answer modem is transmitted. 



Enable Short Space Disconnect at the most negative voltage 
(low), the modem automatically hangs up. If Enable Long 



Sptace Disconnect is low, the modem requires 1.5 s of 
continuous space to hang up. 

Originate Mode 



Upon receipt of a Switch Hook (SH) command the 
modem function is placed in the Originate Mode. If the 
Data Terminal Ready input is enabled (low) the modem 
will provide a logic high output at Answer Phone. The 
modem is now ready to receive the 2225-Hz signal from 
the remote answering modem. It will continue to look for 
this signal until 17 s after SH has been released. Discon- 
nect occurs if the handshaking routine is not established. 

Upon receiving 2225 ±.100 Hz for 150 ms at an accept- 
able amplitude, the Receive Data output is undamped 
from a Mark condition and data reception can be accom- 
plished. 450 ms after receiving a 2225-Hz signal, a 1270-Hz 
signal is transmitted to the remote modem. 750 ms after 
receiving the 2225-Hz signal, the Clear-to-Send output is 
taken low and data can now be transmitted as well 
as received. 



Automatic Disconnect 

Upon receipt of a space of 150 ms or greater duration, 
the modem clamps the Receive Break high. This con 
dition exists until a Break Release command is issued at 
the receiving station. Upron receipt of a 0.3 s space, with 



Initiate Disconnect 

In order to command the remote modem to auto- 
matically hang up, a disconnect signal is sent by the local 
modem. This is accomplished by pulsing the normally low 
Data Terminal Ready into a high state for greater than 



FIGURE 2 - TYPICAL MC6860 SYSTEM CONFIGURATION 
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FIGURE 3 - I/O INTERFACE CONNECTIONS FOR MC6860 
(ORIGINATE/ANSWER MODEMI 
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34 ms. The local modem then sends a 3 s continuous 
space and hangs up provided the Enable Space Disconnect 
is low. If the remote modem hangs up before 3 s, loss of 
Threshold Detect will cause loss of Clear-to-Send, which 
marks the line in Answer Mode and turns the carrier off 
in the Originate Mode. 

If ESD is high the modem will transmit data until 
hang-up occurs 3 s later. Receive Break is clamped 150 ms 
following the Data Terminal Ready interrupt. 

INPUT/OUTPUT FUNCTIONS 

Figure 3 shows the I/O interface for the low speed 
modem. The following is a description of each individ- 
ual signal: 



Receive Carrier (Rx Car) 

The Receive Carrier is the FSK input to the demodu- 
lator. The local Transmit Carrier must be balanced or 
filtered out prior to this input, leaving only the Receive 
Carrier in the signal. The Receive Carrier must also be hard 
limited. Any half-cycle period greater than or equal to 
429 ± 1.0 /is for the low band or 235 ±. 1.0 /[is for the 
high band is detected as a spacx. 



Ring Indicator (Rl) 

The modem function will recognize the receipt of a 
call from the CBT if at least 20 cycles of the 20-47 Hz 
ringing signal (low^ level > 50% of the duty cycle) are 
present. The CBS Rl signal must be level-converted to TTL 
according to the EIA RS-232 specification before inter- 
facing it with the modem function. The receipt of a call 
from the CBS is recognized if the Rl signal is present for 
at least 51 ms. This input is held high except during ringing. 
A RT signal automatically places the modem function 
in the Answer Mode. 



Switch Hook (SH) 

SH interfaces directly with the CBT and via the EIA 
RS-232 level conversion for the CBS. An SH signal auto- 
matically placesthe modem function in the Originate Mode. 

SH is low during origination of a call. The modem will 
automatically hang up 17 s after releasing SH if the hand- 
shaking routine has not been accomplished. 



Tlrreshold Detect (TB) 

This input is derived from an external threshold de- 
tector. If the signal level is sufficient, the TD input must 
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be low for 20 fJs at least once every 32 ms to maintain 
normal operation. An insufficient signal level indicates the 
absence of the Receive Carrier; an absence for less than 
32 ms will not caus6 channel establishment to be tost,* 
however, data during this interval will be invalid. 

If the signal is present and the level is acceptable at all 
times, then the threshold input can be low permanently. 

Loss of threshold for 51 ms or longer results in a loss 
of Clear-tb-Send. The Transmit Carrier of the originate 
nrodem is clamped off and a constant Mark is transmitted 
from the answer modem. 

Receive Data Rate (Rx Rate) 

The demodulator has been optimized for signal-to-noise 
performance at 300 bps and 600 bps. The Receive Data 
Rate input must be low for 0-600 bps and should be 
high for 0-300 bps. 

Transmit Data (Tx Data) 

Transmit Data is the binary information presented to 
the modem function for modulation with FSK tech- 
niques. A high level represents a Marl<. 



Data Terminal Ready (DTR) 



The Data Terminal Ready signal must be low before 
the modem function will be enabled. To initiate a dis- 
connect, DTR is held high for 34 ms minimum. A dis- 
connect will 0GC%ir 3 s laier. 



Break Release (Brk R) 

After receiving a 1 50 ms space signal, the clamped high 
condition of the Receive Break output can be removed by 
holding Break Release low for at least 20 ^s. 



used to signal the remote 



Transmit Break (Tx Brk) 

The Break command is 
modem to stop sending data. 

A Transmit Break (low) greater than 34 ms forces the 
modem to send a continuous space signal for 233 ms. 
Transmit Break must be initiated only after CTS has been 
established. This is a negative edge sense input. Prior to 
initiating Tx Brk, this 
minimum of 34 ms. 



input must be held high for a 



Enabled Space Disconnect (ESD) 

When ESD is strapped low and DTR is pulsed to 
initiate a disconnect, the modem transmits a space for 
either 3 s or until a loss of threshold is detected, which- 
ever occurs first. If ESD is strapped high, data instead of a 
space is transmitted. A disconnect occurs at the end of 3 s. 



Enable Long Space Disconnect (ELS) 

ELS is a strapping option which, when low, will auto- 
matically hang up the phone upon receipt of a continuous 
space for 1.5 s. 

Crystal (Xtal) 

A I.O-MHz crystal with the following parameters is 

required to utilize the on-chip oscillator. A 1 .0-MHz square 
wave can also be fed into this input to satisfy the clock 
requirement. 



Mode: 

Frequency: 

Series Resistance: 

Shunt Capacitance: 

Temperature: 

Test Level: 

Load Capacitance: 



Parallel 

1.0 MHz ±0.1% 
750 ohms max 
7.0 pF max 
0-700C 
1.0 mW 
13 pF 



When utilizing the 1.0-MHz crystal, external parasitic 
capacitance, including crystal shunt capacitance, must be 

< 9 pF at the crystal input. 

Test Clock (TST) 

A test signal input is provided to decrease the test time 
of the chip. In normal operationi this input must he 
strapped low. 



&lt Test (IT) 

When a low voltage level is placed on this input, the 
demodulator is switched to the modulator frequency and 
demodulates the transmitted FSK signal. Channel establish- 
ment, which occurred during the initial handshake, is not 
lost during self test. The Mode Control output Changes 
state during Self Test, permitting the receive filters to pass 
the local Transmit Carrier. 
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Answer Phone (An Ph) 



Upon receipt of Ring Indicator or Switch Hook signal 
and Data Terminal Ready, the Answer Phone output goes 
high [(SH -I- Rl) • DTR] . This signal drives the base of a 
transistor which activates the Off Hook and Data Trans- 
mission control lines in the data coupler. Upon call com- 
pletion, the Answer Phone signal returns to a low level. 



Enable Short Space Disconnect (ESS) 

ESS is a strapping option which, when low, will auto- 
matically hang up the phone upon receipt of a continuous 
space for 0.3 s. ESS and ELS must not be simultaneousiy 
strapped low. 



Mode 

The Mode output indicates the Answer (low) or 
Originate (high) status of the modem. This output changes 
state when a Self Test command is applied. 
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Clear- To-Send (CTS) 



A low on the CTS output indicates the Transmit Data 
input has been undamped from a steady Mark, thus allow- 
ing data transmission. 



Receive Data (Rx Data) 

The Receive Data output is the data resulting from 
demodulating the Receive Carrier. A Marie is a high leveL 

Receive Break (Rx Brk) 

Upon receipt of a continuous 150 ms space, the 

modem automatically clamps the Receive Break output 
high. This output is also clamped high until Clear-to-Send 
is established. 

Digital Carrier (FO) 

A test signal output is provided to decrease the 
chip test time. The signal is a square Wave at the 
transmit frequency. 



Transmit Carrier (Tx Car) 

The Transmit Carrier is a digitally-synthesized sine wave 
(Figure 4) derived from the 1 .0-MHz crystal reference. The 
frequency characteristics are as follows: 



Mode 


Data 


Transmit 
Frequency 


Tolerance* 


Originate 


Marl< 


1270 Hz 


-0.15 Hz 


Originate 


Space 


1070 Hz 


0.09 Hz 


Answer 


Mark 


2225 Hz 


-0.31 Hz 


Answer 


Space 


2025 Hz 


-0.71 Hz 



*The reference frequency tolerance is not included. 

The proper output frequency is transmitted within 

3.0 lis following a data bit change with no more than 
2.0 fis phase discontinuity. The typical output level is 
0.35 V (RMS) into a 100 k-ohm load impedance. 

The second harmonic is typically 32 dB below the 
fundamental (Figure 5). 



POWER-ON RESET 

Power-on reset is provided on-chip to insure that when 
power is first applied the Answer Phone output is in the 
low (inactive) state. This holds the modem in the inactive 
or idle mode until a SH or Rl signal has been applied. 
Once power has been applied, a momentary loss of power 
at a later time may not be of sufficient timeto guarantee a 
chip reset through the power-on reset circuit. 

To insure initial power-on reset action, the external 
parasitic capacitance on Rl and SH should be < 30 pF. 
Capacitance values > 30 pF may require the use of an 
external pullup resistor to Vqq on these inputs in addition 
to the pullup devices already provided on chip. 



FIGURE 4 - TRANSMIT CARRIER SINE WAVE 



FIGURE 5 - TRANSIMIT CARRIER 
FREQUENCY SPECTRUM 
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TIMING DIAGRAMS 
FIGURE 6 - ANSWER MODE 
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FIGURE 7 - AUTOMATIC PiS^SNNeCT - LONG OR SHORT SPACE 
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FIGURE 8 - ORIGINATE MODE 
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FMSURES - INITIATE DISCONNECT 
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TABLE 1 - ASYNCHRONOUS INPUT PULSE WIDTH AND OUTPUT DELAY VARIATIONS 

(Time delays specpfied do not include the 1-MHz reference tolerance.) 



Due to the asynchronous nature of the input signals with respect to the circuit internal clock, a delay variation or input 
pulse width requirement will exist. Time delay A is the maximum time for which no retponse will occur. Time delay B it the mini- 
mum time required to guarantee an input response. Input dgnal widths In the cross-tiatehed region (l.a.. greater than A but loss 
than B) may or may not be recognized as valid. 

For output delays, time A is the minimum delay before an output will respond. Time 6 is the meximum delay for an output 
to respond. Output signal response may or may not occur in the cross-hatched region (i.e., greater than A but lass than B). 



INPUT PULSES 



OUTPUT DELAYS 



Rl 

(from CBS) 



A = 32 ms- 



- B •> 51 ms . 



SH 













A = 1 6 ms 








B = 34ms » 





TO 



(Loss of 
Threshold) 



-A = 32 ms 



-B = 51 ms- 



DTR 





V///M 






A = 16 msl-a 

-• B = 34 ms » 




(Initiate Space 
Disconnect) 



Tx Brk 







W///A 






A= 16 ms 








B <■ 34 ms » 





DTR 

(initiate , 
Space Disconnect) I 

Tx Car* 

iSD= Low 



Mk/Sp 
-^A =16 ms-»| 

B = 34 ms 



Space 



DTR 



(Initiate Space 
Disconnect) 

An Ph 



-A = 3027 ms 



A 



■ B = 3056 ms - 



DTR 

(Initiate 

Space 

Disconnect) 
Rx Brk 



-I I- 



- A = 165 ms 



■ B = 185 ms ■ 



Answer IMode 



TD 



TD due to Rx Car (1270 Hz) 
— \ I 



-I H 



CTS or Rx Brk 



- A-432nm. 



B - 4S1 ms - 



DTR 



An Ph 



»A = 16 ms* 



Rl orSH = Low 



■ B = 34 ms - 



•Digital Representation. 



(continued) 
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TABLE 1 - OUTPUT DELAY VARIATIONS (continued) 



Tx Brk 



Tx Car* 



Mk/Sp 



*-A = 16 ms-«-j 
B = 34 ms - 



Space 



Rx Data 



-( h 



Space 



An Ph 
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-i I- 



A = 282 ms - 
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Rx Data 



Space 
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-^A= 1 
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ELS= Low 






■ B = 1 520 ms - 



Rx Data 



Space 



Rx Brk 



-A = 132 ms- 



-B = 151 ms- 



' Digital Representation 



Rx Data 



Space 



An Ph 

ESS = High 
ELS= High 



-» 1- 



- A = 16949 ms ■ 



- B = 1 7034 ms - 



TO 



( Loss of 
Threshold) 



CTS or Rx Brk 



- A = 32 ms - 



■ B = 51 ms - 



Originate Mode 
TD 1 



TDdue to Rx Car (2225 Hz) 



CTS or Rx Brk 



— A = 731 ms— »j 



-B= 752 ms- 



Orlglnate Mode 
T-O L 



-> I- 



TDdueto Rx Car (2225 Hz) 



Tx Car 
(1270 Hz) 



1 I 

• A = 432 ms 
— — B = 451 ms 



TABLE 2 - TRANSIMIT BREAK AND DISCONNECT DELAYS 



Function Description 


Min 


■Max 


Unit 


Tx Brk (Space Duration) 


232 


235 


ms 


Space Disconnect (Space Duration) 
(DTR = High, ESD and TD = Low) 


3010 


3023 


ms 


Loss of Carrier Disconnect 

(Measured from positive edge of CTS to nega- 
tive edge of An Ph, with rT, SH , and TD = High) 


16965 


17034 


ms 


Override Disconnect 

(Measured from positive edge of Rl or SH to 
negative edge of An Ph, with TD = High) 


16916 


17101 


ms 
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FIGURE 10 - FLOW DIAGRAM 
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Note 1: Transmit Break, Initiate Space Disconnect, 
and Receive Space era mutuaHy exclusive 



Note 2: Due to loss of Rx Car, the modem wit! clamp 
Tx Data to a Mark rn the Answer Mode and will 
turn off Tx Car in the Originate Mode. If Rx 
Car is detected before completion of Tx Brk or 
Initiate Space Disconnect, normal operation of 
Tx Brk or Initiate Space Disconnect will con- 
tinue until completion of their respective time 
delays. 
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PIN ASSIGNMENT 



PACKAGE DIMENSIONS 



NOTE: 

1. LEADS TRUE POSITIONED WITHIN 
0.25mm (0.010) OIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


29.97 


30.99 


1.180 


1.220 


B 


14.88 


15.62 


0.585 


0.615 


C 


3.05 


4.19 


0.120 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.88 


15.37 


0.585 


0.605 


M 




10O 




10" 


N 


0.51 


1.52 


0.020 


0.060 



NOTES: 

1. LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA 
AT SEATING PLANE AT 
MAXIMUM MATERIAL CON- 
DITION. (DIM. "0") 

2. DIM "L-TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 






' A 














h\ jcj— r- 


L- -iu-,\ 





DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


31.37 


32.13 


1.235 


1.265 


B 


13.72 


14.22 


0.540 


0.560 


C 


4.57 


5.08 


0.180 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.41 


2.67 


0.095 


0.105 


H 


1.78 


2.03 


0.070 


0.080 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


t 


14.73 


15.24 


0.580 


0.600 


M 


0" 


10° 


0" 


IQO 


N 


0.51 


1.02 


0.020 


0.040 




CASE 709-01 

(PLASTIC) 
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Advance Information 



2400 bps DIGITAL MODULATOR 

The MC6862 is a MOS subsystem designed to be integrated into 
a wide range of equipment utilizing serial data communication. 

The modulator provides the necessary modulation and control 
functions to implement a serial data communication link over a voice 
grade channel, utilizing differential phase shift keying (DPSK) at 
bit rates of 1200 or 2400 bps. Phase options are provided for both 
the U.S. and international markets. The MC6862 can be implemented 
into a wide range of data handling systems, including stand-alone 
modems, data storage devices, remote data communication terminals, 
and I/O interfaces for counters. 

N-channel silicon gate technology permits the MC6862 to operate 
using a single voltage supply and be fully TTL compatible. 

The modulator is compatible with the M6800 microcomputer 
family, and provides medium-speed data communications capability. 

• Clear-to-Send Delay Options 

• 51 1-Bit CCITT Test Pattern 

• Terminal Interfaces Are TTL Compatible 

• Compatible Functions for 201 B/C Data Sets 

• CCITT and U.S. Phase Options 

• 1 200/2400 bps Operation 

• Answer Back Tone 



MC6862 



MOS 

(N-CHANNEL, SILICON-GATE) 



2400 bps 
MODULATOR 




NOT SHOWN: 



L SUFFIX 

CERAMIC PACKAGE 
CASE 716 

P SUFFIX 
PLASTIC PACKAGE 
CASE 709 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MC6800 
Microprocessor 



MC6862 DIGITAL MODULATOR 
BLOCK DIAGRAM 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


ta 


to +70 


°C 


Storage Temperature Rai^ 


^stg 


-55 to +150 


°C 


TherRHl Ben^nce 


"JA 


82.5 


°c/w 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields: however, it is advised that 
normal precautions be taken to avoid apphca- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 



ELECTRICAL CHARACTERISTICS (Vqd = 5.° ±0.25 Vdc, Vgs = 0, Ta = to 70°C, 



all outputs loaded as shown in Figure 1 unless otherwise noted.) 



Charaetertstie 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


VlH 


Vss + 2.0 


- 


Vdd 


Vdc 


1 nniit 1 nvu \/oltaiw 


Vii 

* 1 L 


Vcc 




Vss + 0.8 


Vdc 


Input Current 

(Vin = Vss> CTS1, CTS2, PSS, DRS, An Bk, and Tx MK 
RTSandTPE^ 


•in 






-0.2 

-1.6 


mAdc 


Input Leakage Current 

(V|n = 5.25 Vdc, Vqd = Vss' 


l|L 






2.5 


juAdc 


Output High Voltage 

I'OH = -0.04 mAdc, Load A) 

(Iqh = mAdc, Load 81 


Vqhi 

VoH2 


Vss + 2.4 

Vdd-o.bv 




Vdd 
Vdd 


Vdc 


Output Low Voltage 

(Iql = 1 -6 mAdc, Load A) 


Vol 


Vss 




Vss + 0.4 


Vdc 


1 nput Capacitance 

(f = 0.1 MHz, T/s, - 25°C) 


Cin 




5.0 




pF 


Vqd Supply Current 

(All Inputs at Vss except Pin 13 = 57.6 kHz and ALL Outputs Open) 


Idd 




40 


60 


mAdc 


Input Transition Times, All Inputs Except ^.&^32 MH^ InpUt 
(From 10% to 90% points) 


tr 
tf 






1.0' 
1.0* 


MS 


Input Transition Times, 1.8432 MHz Input 

(From 0.8 V to 2.0 V) 


tr 

tf 






40 

40 


ns 


Input Clock Duty Cycle, 1.8432 MHz Input 
(Measured at 1 .5 V level) 


D.C. 


30 




70 


% 


Tx Data Setup Time (Figure 2) 


ts 


35 






MS 


Tx Data Hold Time (Figure 2) 


tH 


35 






MS 


Output Transition Times 
(From 10% to 90% Points) 


tr 
tf 






5.0 
5.0 


MS 



'Maximum Input Transition Times are < 0.1 x Pulse Width or the specified maximum of 1 .0 MS, whichever is smaller. 
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FIGURE 1 - OUTPUT TEST LOADS 



9 vdd 



Load A - TTL Output Load 
I 



9 vcc 



60 k 
+ 1% 



1 



R1 



MMD6150 
or Equrv 

MMD7000 I 
or Equiv 



MC6862 



I Simulated TTL Load 




R1 is adjusted for 1 1 = 1 .6 mA at V| = 0.4 V when 
output node is disconnected. 



MC6862 



Cy = 20 pF = total parasitic capacitance, which includes 

prolne, .'.Iring, and load capacitances 



FIGURE 2 - TRANSMIT DATA SETUP AND HOLD TIME 



Tx Cll« 



/90% 



Tx Data 



2^ ^\ 



PIN ASSIGNMENT 



PACKAGE DIMENSIONS 




NOTE: 

1. LEADS TRUE POSITIONED WITHIN 
0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 



I 



24 

) 

1 " 




13 
12 


t 

B 


, A 






SEATING^ I I 
PLANE G— I U 







DIM 


MILLIMETERS 


INCHES! 


MIN 


MAX 


MIN 


MAX 


A 


29.97 


30.99 


1.180 


1.220 


B 


14.88 


15.62 


0.585 


0.615 


C 


3.05 


4.19 


0.120 


0.185 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.88 


15.37 


0.585 


0.605 


M 




10° 




10° 


N 


0.51 


1.52 


0.020 


0.060 



liHi 



\ 

itim 



CASE 716-02 
(CERAMIC) 

SEE PAGE 165 FOR 
PLASTIC PACKAGE 
DIMENSIONS 
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BL^K DI AG RAM 



Request to Send 
I CTS1 



Delay Options 



CTS2 



Test Pattern Enable 



Transmit Data 9 
Data Rate Select 1 5 
Phase Shift Select 16 



Answer Back 14 



Vdd = Pin 12 



'ss 



Pin 1 



Delayed 

Clear Request 
to Send to Send 




i 



RTS-CTS Timer 
and Test Pattern 
G enerator 




Tx Data and Phase 
Shift Control 



1.S432 MHz 
Clock 
TO 



Transnait Mark 8 I 



External 
Clock 
11 



J__L 



Frequency Divider 
and Sy nc Logic 



Timing 



1800 Hz 
Carrier 
Generator 



-O 13 Test Cl ock 



*0 23 Transmit Clock 



-»0 24 Dibit Clock 



►0 22 



■♦■021 



■♦O 20 
-♦O 19 
-♦O 18 



-♦017 



B5 
B4 
B3 
B2 
B1 
BO 



6-Bit 
• Data 
Word 



DEVICE OPERATION 



GENERAL 

Figure 3 shows the modulator and its intraconnec^ions. 
The data to be transmitted is presented in synchronous 
serial format to the modulator for conversion to DPSK 
signals used in transmission. The modulator output is 
digital; therefore, a D/A converter and a filter transform 
the signal to an analog form. 

The control functions provide four different Clear-to- 
Send delay options. An Answer Back tone is available for 
automatic answering applications. The modulator has a 
built-in 511-bit pseudorandom pattern generator for use 
in system diagnostic tests. 

INPUT/OUTPUT FUNCTiOIMS 
Request to Send (RTS) 

The RTS signal from the data terminal controls trans- 
mission from the modulator. A low level on RTS activates 
the modulator data output. A constant mark, for syn- 
chronization, is sent during the RTS to CTS delay interval. 



Term ination of the transmission is accomplished hy taking 
RTS high (see Figures 4 and 5). 

Delayed Request to Send (DRTS) 

This output can be used to control transmission as 
specified by the Transmit Mark control input. DRTS 
follows the negative transition of RTS, and goes negative 
within the 35 iJis of the negative transition of RTS (Fig- 
ure 4). The delay from a positive transition of RTS to a 
positiv e transition of DRTS is shown in Figure 5. The 
DRTS delay allows data within the modulator to be 
transmitted before transmission is inhibited. 

Clear to Send (CTS) 

CTS follows RTS to both the logic and logic 1 levels. 
The delay from a negative transition of RTS to a negative 
CTS transition is selectable by external strapping of CTS1 
and CTS2. The delay from a positive transition of RTS to 
a positive CTS transition is less than 35 us. 
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FIGURE 3 - 2400 BPS MODULATOR INTERFACE 



Transmit 
Clock 



Clear 
to Send 



Request 
to Send ~ 

Transmit 
Data 



RS-232 
if Required 

I 1 

1/2 MCI 488 ' 



Tx Clk 



^1 
-Of I- 



CTS 



I 

—I x>- 



RTS 



Tx Data 



1/2 MC1489j 



Clk 



MC6862 
Modulator 



B4 
B3 
B2 
B1 
BO 



Oscillator 



1.8432 MHz 
+O.00S% 



MC1406 

D/A 
Converter 




1.0 



Low Past 

Filter 





2.0 3.0 
kHz 

Option A (CCITT) 
Signal Spectra 

_ DPSK Signal 
to Line 



Option B (U.S.) 
Signal Spectra 



4.0 



5.0 




2.0 3.0 
kHz 



4.0 



5.0 



CTSwill go low within 35ms after the positive transition 
of the Dibit Clock (see Figure 4) except when the no-delay 
option Is selected. For the no-delay option, CTS follows 
RTS within 35 ms. 



RTS-CTS Delay Options (CTS1,CTS2) 

The RST-CTS delays are selectable according to the 
following strapping options. 



RTS-CTS Delay 


CTS1 


CTS2 


0.0 + 0.035 ms, -0.0 ms 





1 


8.55 to 9.35 ms 


1 





24.90 to 26.4 ms 


1 


1 


147.0 to 154.0 ms 









Transmit Mark (Tx Mk) 

The Transmit Mark control allows the system designer 
to select whether the Delayed Request to Send activates 



and deactivates the transmission on the modulator chip or 
off the chip in the output amplifier. 

When Tx Mk is high, transmission is controlled on the 
modulator chip, and occurs from the chip only when 
DRTS or Answer Back is in the logic state (see Figure 6). 

When Tx Mk is low, transmission is controlled off the 
modulator chip. In this mode, the modulator chip trans- 
mits marks at all times except when data or an Answer 
Back tone is being transmitted (see Figure 6). 



Test Pattern Enable (TPE) 

A 511 -bit test pattern generator Is contained on the 

modulator chip. This pattern is in accord with CCITT 
specification V52. The pattern can be used to scramble 
input data, or as a test pattern. 

The 511-bit test pattern is activated by applying a 
logic to TPE. A mark (logic 1) condition on the 
Transmit Data input with TPE activated (logic 0) causes 
the test pattern to appear at the data output. A space 
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FIGURE 4 - RTS-CTS AND RTS-DRTS DELAYS 



2400 bps Tx Clk 
Mode 

1200 bps TxClk 
Mode 




t1 < 8 MS 
t2 > 45 MS 
t3<3SMS 



CTS1 


CTS2 


t4* 


t5 





1 


Q Q + 0.035 ms 

-0.0 ms 




1 





8.55 to 9.35 ms 


< 35 ms 


1 


1 


24.90 to 26.4 ms 


<35ms 








147.0 to 154.0 ms 


< 35 MS 



*The reference frequency tolerance is not included. 



RTS-CTS delay options are selected by the CTS1 and 
CTS2 inputs, and are stated as time delay interval t4. An 

RTS input signal synchronized about point A as shown 
and going low within the shaded region, will synchronize 
CTS with the positive transition of DBC (Dibit Clock), and 
delay t4 is measured with respect to the negative transition 
of RTS. 

RTS signals going low within the shaded region, but 
synchronized with the positive transition of DBC (point B), 
will result in the same CTS delay (t4). For this case the 
negative transition of CTS is synchronized with the 



negative transition of DBC with delay t4 measured with 
respect to the negative transition of RTS. 

DRTS will go low within 35 /is of the negative transi- 
tion of RTS (shown as time t3). With the exception of the 
no-delay option, CTS will go low within 35 ns (t5) of the 
positive transition of DBC, following the t4 delay selected. 
This applies when RTS is synchronized to Point A as shown. 

If RTS goes high and remains high > 20 /js within 
time interval t4, a reset of the internal RTS-CTS timer 
function will occur. If RTS goes high for less than 20 /is, 
the circuit may or may not respond to this momentary 
loss of the RTS signal. 
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FIGURE 5 - LOSS OF RTS TO DRTS DELAY 



Dib 
"833.33 



DBC 



RTS 



CTS 



DRTS 



13 

i L 



ti- 



-t2 



-t4- 
-t5- 



t3 



I- 



t1 < 8 ms 
t2 > 45 MS 
t3 < 35 MS 
t4= 1.60 ms 
tS- 1.67 m» 
tS < 35 MS 



A positive transition of RTS after CTS has become 
active can result in different functional cinaracteristics 
of the CTS and DRTS output signals, depending on the 
time duration that RTS remains inactive. 

Under all conditions, CTS will go high within 35 fis 
(t3) following a positive transition of RTS. If RTS goes 
high in the shaded region shown (i.e., synchronized to the 
positive transition of DBC) and remains high beyond the 
time interval defined as t5, then DRTS will go high 
within 35 /is (t6) of the next negative transition of DBC. 



If RTS were to go low after t5, the RTS-CTS delay times 
given in Figure 4 will result. 

If RTS goes high in the shaded region shown, and then 
returns low within time interval t4, the negative transition 
of CTS will follow within 35 ^s, and DRTS will remain in 
the active or low state. Under these conditions, the 
normal RTS-CTS delay times are not encountered when 
RTS is reactivated. If RTS goes low for less than 20 /is, 
the circuit may or may not respond to this momentary 
RTS input signal. 



FIGURE 6 - TRANSMIT MARK CONTROL 



An Bk 



RTS 



CTS 



DRTS 



Tx Mk = High 



No 
Signal 



'tx Mk = LOW' 



Mark 



An Bk 

Signal 



An Bk 
Signal 



No 
Signal 



Mark 



Mark 



Mark 



Data 



Data 



No 
Signal 



Mark 




'Shmnt icmmisl^Mctor IR^^rta^ucts Inc. 
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(logic 0) condition on Tx Data with TPE activated causes 
the test pattern data to appear inverted at the data output. 
Random data applied to Tx Data with TPE activated 
causes the test pattern data to be scrambled (exclusive 
NORed) with the data, and the result appears at the 
data output. 

The test pattern generator can be enabled only when 
CTS and RTS are logic 0. • If TPE is activated outside 
this time interval, the previously stated RTS-CTS and 
RTS-DRTS delays shown in Figures 4 and 5 are not valid. 

Data Rate Select (DRS) 

The modulator can transmit at either 2400 bps or 
1200 bps. Both data rates utilize an 1800 Hz carrier 
signal and employ phase shifting at 1200 Hz. The 2400 bps 
rate is obtained by encoding two bits of data into each 
phase shift. The 2400 Hz rate is selected by applying 
a logic 1 to the Data Rate Select lead. The 1200 Hz rate is 
selected by applying a logic to DRS. 

Phase Shift Select (PSS) 

Option A (CCITT) or Option B (U.S.) phase shift can 
be selected for 2400 bps operation. The input data format 
and phase shift relationship for these two options are 
as follows: 





PSS = 


PSS= 1 


Data 


Option A 


Option B 


00 


0° 


+45° 


01 


+90° 


+135° 


11 


+ 180° 


+225° 


10 


.-270° 


+315° 



For 1200 bps operation. Option C (CCITT) or Option 
D (U.S.) phase shift can be selected: 





PSS = 


PSS= 1 


Data 


Option C 


Option D 





+90° 


+45° 


1 


+270° 


+225° 



Option C is selected by applying a logic to the Phase 
Shift Select lead when the Data Rate Select lead is strapped 
for 1200 bps operation (logic 0). Option D is selected by 

applying a logic 1 to PSS with DRS at logic 0. The phase 
shifts shown are the difference in phase between the 
signal at the end of one dibit period and the new signal at 
the beginning of the next dibit. 

Transmit Data (Tx Data) 

Transmit Data is the serial binary information presented 
for DPSK niodulation. A high level represents a mark. For 
timing, see Transmit Clock (Figure 4). 

Transmit Clock (Tx Clk) 

A 2400/1200 Hz Transmit Clock output is provided 
for the communication terminal. The Transmit Data signal 



is sampled on the positive transition of Transmit Clock. 
The Transmit Data to Transmit Clock setup and hold time 
requirements are shown in the Electrical Characteristics 
table and in Figure 2. 

Dibit Clock (DBC) 

A 1 200 Hz Dibit Clock identifies the modulation timing. 
This signal goes negative less than lOOjLts prior to the start 
of dibit modulation. 

External Clock (Ex Clk) 

A 2400/1200 Hz clock signal applied to the External 
Clock lead causes Transmit Clock to be synchronized with 
Ex Clk. This input must have an accuracy within ±0.005%. 

When no transitions occur on this input, the internal 
clock provides the 2400/1200 Hz transmit timing signal. 
Fast synchronization of Tx Clk to Ex Clk is not provided 
on the chip. When Ex Clk is not used it should be tied 
to either the logic O or logic 1 state, 

1.8432 IVIHz (Clk) 

This input must be a square wave with rise and fall 
times of less than 40 hs and a 50 ±20% duty cycle. The 
clock accuracy must be within ±0.005%. 

Answer Back (An Bk) 



A logic level applied to Answer Back causes a 2025 Hz 
carrier to be generated on the modulator chip instead 
of a phase shifted 1800 Hz carrier. A logic 1 level applied 
to An Bk enables the modulator to generate the normal 
phase shifted 1800 Hz carrier signal, as shown in Figure 6. 
The time delay from a transition on An Bk to the 
appropriate signal at the modulator chip output is less 
than 2 ms. 



Activation of An Bk (a logic 0) will disable all other 
operation modes including the Tx Mk function, and will 
reset CTS to an inactive state along with the RTS-CTS 
internal timer. An Bk should therefore be activated only 
before initiating RTS or after loss of the DRTS output 
signal. The com bination of a logic on An Bk with a 
logic on TPE is not used in normal system operation, 
and hence is u$ed as a reset input during device test. 

Digital Output (BQ-B5) 

These outputs are designed to interface with a six-bit 
digital-to-analog converter. The resultant signal out of the 
D/A is the differential phase shift keyed signal quantized 
at a 14.4 kHz rate. A low pass filter can then be used to 
smooth the data transitions. BO is the least significant 
bit, and the positive level the active state. 

Test Clock (TST) 

A test signal input is provided to decrease test time of 
the chip. In normal operation this input must be strap- 
ped low. 




COMPONENT PRODUCTS DEPT 



Two-Phase Microprocessor Clocks 

Designed to drive the Motorola MC6800 MPU 

The Functional Module approach to data communications hardware 
design significantly decreases the time between the "idea" sts^e and 
the marl<etable product. 

A fundamental building block in a modular microcomputer system is 
the 2-phase clock oscillator used to drive the microprocessor. 
Motorola is uniquely qualified to provide this building block because of 
expertise in the three relevant fields: oscillator design, quartz crystal 
technology, and thick film hybrid integrated circuit manufacturing. 
This one-of-a-kind expertise has created several clocks designed to 
drive Motorola's MC6800 Microprocessor. This plug-in unit contains 
the crystal, the oscillator circuit, the NMOS and TTL drivers, and the 
waveshaping and interface circuitry; all the components necessary to 
provide the critical non-overlapping 2-phase waveforms used by the 
MC6800 MPU. 

FEATURES 

Clock Module — Each clock module requires only a single 5 volt 
power supply. The NMOS outputs can drive highly capacitive loads 
ranging from 80 pf to 160 pf and meet all MPU input waveshape and 
timing requirements. 

Each TTL output signal leads the 02 NMOS so that additional system 

device delays can be accommodated. All TTL outputs are buffered so 
they can drive 5 TTL devices and maintain all output specifications. 
Each module is crystal-controlled and is compensated for variations in 
temperature, voltage, and load. The standard frequency of each 
model is 1 MHz; however, other frequencies between 250 kHz and 2.5 
MHz can be ordered. 

Reliability — Decreased Component Count — Thick film hybrids 
offer a reliability advantage that comes primarily from reduced com- 
ponent count and therefore reduced interconnections. Further, the 
single hermetic seal on the hybrid package reduces the failure rate 
whereas in a discrete design a separate sealing process with an 
associated failure rate is needed for each component. 

High Density Packaging — The hybrid MPU clock allows compact 
microcomputer design. It takes up only 1 .34''x .840" space and has a 
seated height of .200". 

Ruggedized Design — Maximum reliability at minimum cost is the 

result of combining three of Motorola's fields of experience: quartz 
crystal technology, clock oscillator design, and thick film hybrid inte- 
grated circuit manufacturing. Mass automated production techniques 
assure volume production. Gold plating of all crystals and Class 100 
clean room processing testify that no short cuts are taken that might 
diminish reliability. Environmental testing proves the effectiveness of 
the rugged design for those applications in which shock and vibration 
are likely h£izards. 

Complete Process Control — Motorola is the only totally integrated 
manufacturer of quartz frequency control devices; full control of all 
processes from growing, sawing, lapping, and finishing quartz to 
combining it with other components into an electronic product — the 
MC6870A, MC6871A, and MC6871B MPU clocks. 
Volume Production — Production facilities are oriented to mass 
automated production techniques. And, if required, capital for expan- 
sion is available to meet even greater requirements. 



MC6870, MC6871 
series 



MC6871A 

CRYSTAL OSC. 
1.0 MHz 



actual size 



environmental specifications 

Temperature Cycle: ±5 ppm max., to 
120'C. 3 cycles. 2 hrs. max. each, 25 
±2°C ref. 

Shock: lOOOG's 0.35 millisec, V2 sine wave, 
3 shocks each plane 

Vibration: 10-55 Hz, ,060" D.A.; 55-2000HZ, 
35 G's, Duration Time— 12 Hours 
Humidity: 85% Rel. Humidity, @ +85''C, 
250 Hours 

mechanical specifications 

Gross Leal<Test: All units 100% leal< tested 
in de-ionized HiO, 

Hermetic Sealed Pacl(age: l^ass spectrom- 
eter leak rate less than 2x10-8 atmos. 
cc/sec. of helium. 

Seal Slrengh: 20 lbs. max. force perpen- 
dicular to fop and bottom. 
Pin Material: Phosphor bronze, 'A hard, 
Grade A .00003" thick gold flash finish. 
Bend Test: Will withstand maximum bend 
of 90° reference to base for 1 bend. 
Uarlting Inlt: Epoxy, heat cured. 
Solvent Resistance: Isopropyl Alcohol 
Tricholoroethane Freon TMC. No marking or 
seal destruction. Dipped 1 minute @ +25°C 
±5°C in solvent. 

Note: (1) Unit can be cleaned by only one 

type solvent listed. 
Note: (2) Ultrasonic degreaser not to be 

used unless frequency and vibration 

of cleaner specified. 

solderability specifications 

Materials: 

1.1 Solder: 60% tin and 40% lead. 

1.2 Flux: The flux shall be 25 percent by 
weight of Grade WW rosin and 75 percent 
by weight of 99 percent isopropyl alcohol. 
Procedure: 

2.1 Solder Bath: The solder bath shall be 
maintained at 232 ±6°C. 

2.2 Solderability: Dip the terminals into the 
flux to the depth that is to be soldered or to 
a maximum depth of .025" from the body 

of the oscillator. Keep them in the flux for at 
least 5 seconds. Withdraw them from the 
flux. Dip them immediately into the molten 
solder to the same depth. Keep them in the 
molten solder for 2 to 5 seconds. 
Withdraw them and allow the solder to 
cool in air. 
Requirements: 

3.1 The terminals are considered solderable 
and acceptable for electrical connection 
purposes if 90 percent of the cold solder 
surface is uniform and free from breaks and 
pinholes. The other 10 percent of the cooled 
solder surface may show only pinholes, 
voids, or rough spots that are not 
concentrated In one area. 



Specifications subject to change Without netlee. 
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llrnHsd function microprocessor ciodc 
250 kHz to 2.5 liHz 



4-5V DC 
GNO 
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-^o 01 NMOS 
02 NMOS 
-¥> 02TTL 




PIN 


CONNECTION 


1 


GND 


3 


NO 


5 


0. TTL 


7 


V„ {+5VDC) 


12 


0,NMOS 


13 


0, NMOS 


18 


GNO 


20 


NC 


22 


NC 


24 


NC 



Nols: All cfimsnsions bfb in inches 



WAVEFORM TIMINa 

(ALL TIME IN NANOSECONDS) 




4 
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— t O OtHL 



~<0*NMOS 



specifications 



Rating 




VahM 


Unit 


Supply Voltage 


V„ 


5.00±5% 


Vdc 


Operating Temperature Range 


T* 


to +70 


"C 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Power Supply Drain (max.) 




100 


mA 



ELECTRICAL CHARACTERISTICS (V„ = 5.0 
= 0° lo 70°C. unless otherwise noted) 



5%, V„ = O.Ta 



Cliaracteristlc 


Symbol 


Min 


Typ 


Max 


Unit 


Frequency 












Operating Frequency 


fc 


.250 




2.5 


MHz 


Frequency stability (inclusive 
of calibration tolerance at 

+25°C, operating temperature, 
input voltage change, load 
change, aging, shock and 
vibration) 






±.01 




% 


NMOS Outputs at 1.0 MHz Operation" 


Pulse Width (meas. at 
V„= -.3Vdc level) 


T0,H 
T0iH 


430 
450 






ns 
ns 


Logic Levels 


Vdc 

VoHC 


V„-.1 
V„-.3 




V„+.3 
V„+.1 


Vdc 
Vdc 


Rise and Fall Times 


t, 
t, 


5 
5 


12 
12 


50 
50 


ns 
ns 


•Overshoot/Undershoot 

Logic "1 " 
Logic "0" 


Vos 


V„-.5 
V.,-.5 




Ve=+.5 

V,.+.5 


Vdc 
Vdc 


Pulse duration of any over- 
shoot or undershoot 


Tos 






40 


ns 


Period @ 0.3V do Level 


tcyc 




1.00 




us 


Edge Timing @ V„=0.3V do 


Tx 


940 






ns 


NMOS Relationship 
@ +0.5V do Level 


td. 

U 








8.0 


us 


TTL Output* 


In ref. to 0i NMOS @ 0.3V dc 












02 TTL@+1.4VdC 


Ja 
Th 


15 
10 


30 
25 


45 
40 


ns 
ns 


Logic Lavata 


VoH 

Vol 


2.4 


3.2 
.3 


.4 


Vdc 
Vdc 


Rise and Fall Times 
.4V and 2.4V 

2.4V and .4V 


t, 

t, 






15 
15 


ns 
ns 


Logic "0" Sink (/Gate) 


loL 






-1.6 


mA 


Logic "1 " Source (/Gate) 


loH 






+40 


uA 


Current Output Shorted 


Isc 


-18 




-57 


mA 


Load 


NMOS— Load Capacity 0,, 0, 


CnmOS 


80 


120 


160 


pf 


TTL— No. of Loads 








5 


ttl 


TTL— Load Capacity 


Cttl 






50 


pf 



*lnio specified test load 
••Apply the following parameters tor frequencies other than 1.0 MHz: 
T0iH=O.5 (P-140) ns 
T02H=O.5 {P-lOO) ns 
Tx=(P-60) ns 

where P=desired period of operation in nanoseconds 



SCOPE 
PROBES 
2.5 pFd MAX. 



OSCILLOSCOPE 
TEKTRONIX 
7904 OR eOUIV. 
B 



Cm — MAXCAPACrrVM^. 

emta— mpF ± 40 pF IS THE SPEOFIEO 
WAX. LOAD CAPACITANCE 
THAT SIMULATES THE MOTOROLA 
MC6800MPU INPUT 



100 MHz 

FREQUENCY 

COUNTER 

HPS32H: 

OREOUiV. 



R»-{22I2) SIMULATES 
REAL PART OF MPU 



TO EXTERNAL 

FREQUENCY 

STANDARD 



® 



961 AA MOTOROLA INC COMPONENT PRODUCTS DEPT.- 



MC6871A 

full function microprocessor clock 
8i0 kHz to 2.5 MHz 



+5VDC O-)- 
GND Ort 



t|=: 



MC6871A 



HOLD 1 MEMORY 
READY 



-O 2xfc 
-O 0, NMOS 
-Q 0, NMOS 



— O 02 TTL 
— O MEMORY CLOCK 



specifications 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


5,00±5% 


Vdc 


Operating Temperature Range 


Ta 


to +70 


°C 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Power Supply Drain (max.) 


Ipd 


100 


mA 



ELECTRICAL CHARACTERISTICS (V„ = 5.0 
= 0° to 70°G, unless otherwise noted) 



5%, v.. = 0,Ta 



Characterialie 


Symbol 


MIn 


Typ 


Max 


Unit 


Frequency 












Operating Frequency 


fc 


.850 




2.5 


MHz 


Frequency stability (inclusive 
of calibration tolerance at 
+25°C, operating temperature, 
input voltage change, load 
change, aging, shock and 
vibration) 






±.01 




% 


NMOS Outputs at 1.0 MHz Operation** * 


Pulse Width (meas. at 
V„= -.3Vdc level) 


T0,H 
T02H 


430 
450 






ns 
ns 


Logic Levels 


VOLC 
VoHC 


V„-.1 
V„-.3 




V„+.3 
V„+.1 


Vdc 
Vdc 


Rise and Fall Times 


tr 
t, 


5 
5 


12 
12 


50 
50 


ns 
ns 


'Overshoot/Undershoot 

Logic "1 " 
Logic "0" 


Vos 


V„-.5 
V„-.5 




V„+.5 
V„+,5 


Vdc 
Vdc 


Pulse duration of any over- 
shoot or undershoot 


Tos 






40 


ns 


Period @ 0,3V dc Level 


t«c 




1.00 




us 


Edge Timing @ V„=:0.3V dc 


Tx 


940 






ns 


NMOS Relationship 
@ +0.5Vdc Level 


tdi 
U 








8.0 


us 


TTL Outputs 


In ref. to 0j NMOS @ 0.3V dc 










0! TTL 
@ 1.4V dc 


Ta 

Th 


15 
10 


30 
25 


45 
40 


ns 
ns 


Memory Clock 
@ 1,4V dc 


Tc 
Tj 


30 
20 


50 
40 


70 
60 


ns 
ns 


2xfo @ 1.4V dc 


T. 


40 


80 


120 


ns 


Logic Levels 


VoH 

Vol 


2,4 


3.2 
.3 


,4 


Vdc 
Vdc 


Rise and Fall Times 
.4V and 2.4V 
2.4V and .4V 


t, 
t, 






15 
15 


ns 
ns 


Logic "0" Sink (/Gate) 


loL 






-1,6 


mA 


Logic "1" Source (/Gate) 


loH 






+40 


uA 


Current Output Shorted 


Isc 


-18 




-57 


mA 


Load 












NMOS— Load Capacity 0,, 0, 


CnmOS 


80 


120 


160 


pf 


TTL— No. of Loads 








5 


ttl 


TTL— Load Capacity 


Cttl 






50 


pf 


Logic Inputs" ("0" Level Applies HOLD or MEMORY READY) 


Holds 01 NMOS 'High', 0, 

NMOS 'Low', 02TTL 'Low' 


HOLD 1 


-.2 




+ ■4 


Vdc 


Holds 0, NMOS 'Low', 0j NMOS 
'High', 01 TTL 'High', and 
MEMORY CLOCK 'High' 


MEM- 
ORY 
HEADY 


— .2 




+ .4 


Vdc 



'Into specified test load 

• • Must be externally held at "1" level (2.4V min., 5,0V max.) if not used 
'"Apply the following parameters for frequencies other than 1 MI'Hz: 
T0iH=O.5 lP-140) m 
T02H-O.5 (P-lOO) ns 
Tx=:(P-60) ns 

where P=desired. period o.f operati'^n irr nanoseeertds 



® 



DIMENSIONS 



PIN 


CONNECTION 


1 


GND 


3 


MEMORY CLOCK 


5 


0! TTL 


7 


Vc= (+5VDC) 


12 


0z NMOS 


13 


0, NMOS 


18 


GND 


20 


HOLD 1 


22 


MEMORY READY 


24 


2xfc 



-1,340- 
MAX 



MPU CLOCK 



SYMBOL DENOTES 
PIN #1 LOCATION 



^ \ .18 3 f. 



AV- .015-,021 DIA, (PIMSJ. 



,600 

± .005 



Note: All dimerrstons are m inches. 



24 22 20 18 



WAVeR)fl« TIMING 

(ALL TIME IN NANOSECONDS) 



NMOS, 



.5V 



1.4V- ^ 



"V,<-,3V V,,,-.3V" 



V„-,3V V„-,3V 
icye 



V„-3V 



-Id, 



,3V 



-Ta 



TEST CIRCUIT 



-O f^^EMQRY CLOCK 




(2?ft) S'lMULATES 
SEALPART of M'PU 



Cttl - MAX CAPACITY &0 pF, 

Cnmos - 120 pF ± 40 pF IS THE SPECIFIED 
MAX LOAD CAPACITANCE 
THAT SIMULATES THE MOTOROLA 
MC66D0 MPU INPUT 

■HOLD AND MEMORY READY MUST 
BE EXTERNALLY HELD AT "I'- 
LEVEL (2,4VDC MIN . 5,0VDC MAX.] 
WHEN NOT USED 



TO EXTERfJAL 

FREQUENCY 

STANDARD 



m 



MC6871 B 

alternate function microprocessor clock 
250 kHz to 2.5 MHz 



+5VDC a 
GND O 



MC6871B 



^ — O 



H0LD1 HOLD 2 



2xfc 

0, NMOS 
02 NMOS 
02TTL 



— O 02 UNQATED 



specifications 



DIMENSIONS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V„ 


5.00±5% 


Vdc 


Operating Temperature Range 


T* 


to +70 


"C 


Storage Temperature 


T.„ 


—55 to +125 


°C 


Power Supply Drain (max.) 




100 


mA 



ELECTRICAL CHARACTERISTICS (V„ = 5.0 
= 0° to 70°C, unless otherwise noted) 



5%. V„ 



0,Ta 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Frequency 












Operating Frequency 
Frequency stability (inclusive 
of calibration tolerance at 
+25°C, operating temperature, 
mpul voltage change, load 
change, aging, shock and 
vibration) 


f. 


250 


± 01 


2.5 


MHz 
% 


NIUIOS Outputs at 1.0 MHz Operation*** 


Pulse Widtli (meas. at 
V . = — .3Vdc level) 


T0,H 
T0iH 


430 
450 






ns 
ns 


Logic Levels 


VOLC 
VoHC 


V„-.1 
v., -.3 




V„+.3 
V„+.1 


Vdc 
Vdc 


Rise and Fall Times 


t, 
tl 


5 
5 


12 
12 


50 
50 


ns 
ns 


'Overshoot/ Undershoot 
Logic "1" 
Logic "0" 


Vos 


V„-.5 
V„-.5 




V„+.5 
V„ + .5 


Vdc 
Vdc 


Pulse duraiion of any over- 
shooi Of undershoot 


Tos 






40 


ns 


Period @ 0.3V dc Level 


1... 




1.00 




us 


Edge Timing @ V„=0.3V dc 


Tx 


940 






ns 


NMOS Relationship 
@ +0.5Vdc 


td. 
U 








8.0 


us 


TTL Outputs 


In ref. to 0: NI^OS @ 0.3V dc 












0; TTL @ 1 .4V dc 


Ta 

T„ 


15 
10 


30 
25 


45 
40 


ns 
ns 


C, Ungated @ 1.4V dc 


Tc 

Tj 


30 
20 


50 
40 


70 
60 


ns 
ns 


2xfc @ 1.4V dc 


T, 


40 


80 


120 


ns 


Logic Levels 


VoH 

Vol 


2.4 


3.2 
.3 


.4 


Vdc 
Vdc 


Rise and Fall Times 
.4V and 2.4V 
2.4V and .4V 


L 

t, 






15 
15 


ns 
ns 


Logic "O" Sink (/Gate) 


loL 






-1.6 


mA 


Logic "1 " Source (/Gate) 


loH 






+40 


uA 


Current Output Shorted 


Isc 


-18 




—57 


mA 


Load 


Nfv^OS-Load Capacity 0,, 0, 




80 


120 


160 


pf 


TTL— No. of Loads 








5 


ttl 


TTL— Load Capacity 


CllL 






50 


pf 


Logic Inputs* ' ( 0" Level applies HOLD) 


Holds 0, NMOS High', 0, 

NMOS 'Low', 02 TTL 'Low' 


HOLD 1 


— .2 




+ .4 


Vdc 


Holds 0, NMOS 'Low', 0, NIVlOS 
■High', 0j TTL 'High' 


HOLD 2 


-.2 




+.4 


Vdc 



"Into specified test load 
"Must be externally held at ' f level (2 4V mm.. 5 OV max ) if not used 
•••Apply the following parameters for frequencies other than 1 MHz- 

T0 H— 5 P-UO' 
T(5.'H-0 5 --■.■'■;. 
Tx=(P-6ui ' i 

whete P=desired penod oi opcation in nanoseconds 



- 1.340- 
MAX 



MC6871B 
MPU CLOCK 



SYMBOL DENOTES 



-Hi- .015-,021 DIA, (PINS) 



^1 



PIN 


CONNECTION 


1 


GND 


3 


Z, TTL UNGATED 


5 


02 TTL 


7 


V„ (+5VDC) 


12 


0, NMOS 


13 


0, NMOS 


18 


GND 


20 


H0LD1 


22 


HOLD 2 


24 


2xfc 



Note: 4xfc availabte on request 
Note: All dimensions are in inches 



WAVEFORM TIMINa 

ALL TIME IN NANOSECONDS. 




TEST DIAGRAM 




SCOPE 
PROBES 
2 5 pF MAX 



Cttl - MAX CAPACITY QQ pF. 

Cnmos - 120 pF ± 40 pF IS TfHE SPECIRE13 
MAX LOAD CAPACITANCE 
THAT SIMULATES THE MOTOHOLA 
MC6600 MPU INPUT 

■HOLD 1 AND HOLD 2 MUST BE 
EXTERNALLY HELD AT "T' LEVEL 
(2.4VDC MIN,. 5,0VDC MAX.) 
WHEN NOT USED 



■< HOLD 2 



Rs-(22I1) SIMULATES 
REAL PART OF MPU 



OSCILLOSCOPE 
TEKTRONIX 
7904 OR EQUIV 



FREOUENCV 
COUNTER 
HP5327C 
OR EQUIV. 



TO EXTtfiNAL 
FREQUENCY 
STANDARD 




MOTOnOLA INCm COMPONENT products dept. 

2553 N. Ef^m^n f mnkllfil^m, t1i/451-T000 




Prodixct Preview 



QUAD THREE-STATE BUS TRANSCEIVER 

This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high Impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the -40 mAdriver and -16 mA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family for other comparable MPU devices. The maximum 
Input current of 200 /lA at any of the device Input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

Propagation delay times for the driver portion are 16 ns typical 
while the receiver portion runs 6 ns for tpHL ^3 ns for tpLH- 
The MC8T26 is identical to the NE8T26 and it operates from a 
single +5 V supply. 

• High Impedance Inputs 

• Single Power Supply 

• High Speed Schottky Technology 

• Three- State Drivers and Receivers 

• Compatible Wtih M6800 Family Microprocessor 



MICROPROCESSOR BUS EXTENDER APPLICATION 

(Clock) 
GND +5 V <j)^ 02 



X 



nil 



M6800 

MPU 



MC6885/MC8T95 
BUS EXTENDER 



ADDRESS 

AND 
CONTROL 
BUS 



MC6880/MC8T26 
BUS EXTENDER 



-N 



MC6830 
ROMs 



MC6810 
RAMs 



JS 



MC6820 
PIAs 



JS 



MC6850 
ACIAs 



TO . 
DAA 



JS 



sr 



IVIC6860 
MODEM 



DATA 
BUS 



MC6880 
MC8T26 



QUAD THREE-STATE BUS 
TRANSCEIVER WITH HIGH 
IMPEDANCE PNP INPUTS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 







L SUFFIX 




CERAMIC PACKAGE 




CASE 620 














P SUFFIX 




PLASTIC PACKAGE 




CASE 648 



PIN CONNECTIONS - MC6880 
MC8T26 




This Is advance inforrnation and specifications are subject to change without notice. 



MC6880 • MC8T26 



MAXIMUM RATINGS (T/y = 2^C unless otherwise noted.) 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


vcc 


8.0 


Vdc 


Input Voltage 


V| 


5.5 


Vdc 


Power Dissipation @ T/^ = 25°C 


Pd 


1000 


mW 


Derate above 25°C 




6.7 


mW/°C 


Operating Ambient Temperature Range 


Ta 


to +75 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


"c 



ELECTRICAL CHARACTERISTICS (Unless Otherwise Noted Specifications Apply 4.75 V Vqc < 5.25 V and 0°C < T;^, < 75°C) 



Charactoristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current — Low Logic State 












(Receiver Enable Input, Vn_(pE) = 0.4 V) 


l|L(RE) 






-200 


l»A 


(Driver Enable Input, V|L(DE) ~ 


l|L(DE) 






-200 




vuriver input, v||_/q\ — u.4 v) 


'IL(D) 






-200 




f Ri ic { Rom i\/or t Inrtiit \/ii#ni=OA\/\ 
\DUb incCclVci/ IlipUl, *|LlR) U.*r V| 


'lL(B) 


— 


— 


-200 




Input Current-High Logic State 












(Receiver Enable Input, V||-|(RE) ^ 5.25 V) 


||h(r1) 


— 


— 


25 


HA 


(Driver Enable Input, V|.h(qe) = 5.25 V) 


l|H(DE) 






25 




(Driver Input, = 5.25 VJ 


'IH(D) 






25 




Innut X/nlf'SKiP — 1 nuu 1 nnin Qtnt^ 












(Receiver Enable Input) 


V|L(RE) 


0.85 






V 


(Driver Enable Irrput 


V|L(DE) 


0.85 








(Driver Input) 


V|L(D) 


0.85 








Input Voltage — High Logic State 












(Receiver Enable Input) 


V|H(RE) 






2.0 


V 


(Driver Enable Input) 


V|H(DE) 






2.0 




(Driver Input) 


V|H(D) 






2.0 




Output Voltage — Low Logic State 












(Bus (Driver) Output, lOL(B) " '''0 "^A) 


VOL(B) 






0.5 


V 


(Receiver Output, loL(R) = -2.0mA) 


VOL(R) 






0.5 




Output Voltage — High Logic State 












(Bus (Driver) Output, lOH(B) = '^0 mA) 


VOH(B) 


2.6 






V 


(Receiver Output, loH(R) ' mA) 


voh(r) 


2.6 


3.1 






Output Disabled Leakage Current - High Logic State 












(Bus (Driver) Output, VoH(B) = 2.6 V) 


lOHL(B) 






100 


mA 


(Receiver Output, VoH(R) ~ 2.6 V) 


lOHL(R) 






100 




Input Clamp Voltage 












(Driver Enable Input l|C(DE) - -5.0 mA) 


V|C(DE) 






-1.0 


V 


(Receiver Enable Input l|C(RE) ~ "5.0 mA) 


V|C(RE) 






-1.0 




(Driver Input 1 ic (D) ^ ~5.0 mA) 


V|C(D) 






-1.0 




Output Short-Circu it Current, Vcc ~ 5.25 V C' 












(Bus (Driver) Output) 


lOS(B) 


-50 




-150 


mA 


( Receiver Output) 


ios(r) 


-30 




-75 




Power Supply Current 


Ice 






87 


mA 


(Vcc = 5.25 V) 













(1) Only one output may be short-circuited at a time. 



100 




MOTOROLA Semiconductor Products Inc. 



MC6880 • MC8T26 



SWITCHING CHARACTERISTICS (Unless otherwise noted, specifications apply at T = 25°C and Vcc = 5.0 V) 



\j \\a \ av.fLCl l^Llv* 


S y m bo 1 


F igu r6 




TvD 


Max 


Unit 


Propagation Delay Time fronn Receiver (Bus) Input to 
High Logic State Receiver Output 


*PLH(R) 


1 




13 


18 


ns 


Propagation Delay Time from Receiver (Bus) Input to 
Low Logic State Receiver Output 


tPHL(R) 


1 


- 


6.0 


10 


ns 


Propagation Delay Time from Driver Input to 

High Logic State Driver (Bus) Output 


tPLH(D) 


2 


- 


16 


20 


ns 


Propagation Delay Time from Driver Input to 
Low Logic State Driver (Bus) Output 


<PHL(D) 


2 




16 


20 


ns 


Propagation Delay Time from Receiver Enable Input to 
High Impedance (Open) Logic State Receiver Output 


tPLO(RE) 


3 




10 


17 


ns 


Propagation Delay Time from Receiver Enable Input to 
Low Logic Level Receiver Output 


tPOL(Rf) 


3 




20 


30 


ns 


Propagation Delay Time from Driver Enable Input to 
High Impedance Logic State Driver (Bus) Output 


tPLO(DE) 


4 




35 


43 


ns 


Propagation Delay Time from Driver Enable Input to 
Low Logic State Driver (Bus) Output 


tPOL(DE) 


4 




29 


38 


ns 



FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT .«pLH(Rl'*PHL(R) 



2.6 V 



Input 



*PHL(R)- 
VOH- 







r90% 


90% i 


1.5 V 





"OH V 

Output 1.5 Vir- 

Vol ^ 



\ 1.5 V 

Vio% 



Input Pulse Frequency = 10 MHz 
-':PLH(R) Duty Cycle = 50% 



/ 



To Scope 
(Input) 



Pulse LTIJ ^ 51 
Genwator V^—^' 



Receiver 
Enable 
Input 

O 



Receiver ( Bus) 
Inp' 
O 



Driver 
Enable 



To Scope 
( Input) 



2.6 V 



Input 
-O- 



Receiver 
Output 
O • 



Driver 
Input 
— O 



'1.3 i< 



92 



1N916 

or Equ iv. 



30 pF 




FIGURE 2 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER INPUT TO BUS (DRIVER) OUTPUT .tpL^jp) AND tp^L(D) 



*THL ^ 5.0 n> ■ 
2.6 V 



Input 



V 

t, 







r9o% 


90% n 



PHL(D)- 



'OH ' 



Output 



Vol 



1.5 V^^ 



* — *TLH < 5-° 



T-90% 90%\ 
10%Jt ^10% 



. Input Pulse Frequency = 10 MHz 

• PLH(D) Duty Cycle = 50% 



y ^1.5 V 



To Scope 
(Input) 



(-TL) 

Pulse 

Generator 



51 



Driver 
Enable 
Input 
O 



Driver 
Input 
O — 



Receiver 
Output 
O 



Receiver 
Enable 
I nput 
O 



Driver 
(Bus) 
Output 
O 



To Scope 
(Output) 



260 



2.6 V 



30 



1N916 
or Equiv. 

— w— 



: 300 pF 



FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp|_Q(j^gj, AND tpQ^iRE) 



*THL ^-^ 

2.6 V- 



Input 



>LO(RE)- 



J~90% 90% "V 

7 1.5V 1.5 V^r 
10%./ 5_10% 

V ^ I 



a<3.5 V 



Output 



Vol- 



- tfHL * 



1.5 



POL(RE) 



Input Pulse Frequency = 5.0 MHz 
Duty Cycle = 50% 



To Scope 2.6 V 

(Input) 



5.0 V 



Pulse 
Generator 



• 51 



Receiver Enable 
Input 

O 




Receiver (Bus) 

Input 
O 



Driver Enable 
Input 
-O- 



240 



1N916 
3 L or Equiv. 




102 I ^ 



MC6880 • MC8T26 



FIGURE 4 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT .tpLo(DE) *POL(DE) 



t-pLH ^ 5" " 
2.6 V 



Input 



V. 



POL(DE) 
s»3.5 V 



Output 



-t-|-HL * 5 



Input Pulse Frequency = 5.0 MHz 
Duty Cycle = 50% 



PLO(DE) 



To Scope 
(Input) 



To Scope 
(Output) 






FIGURE S - BI-DIRECTIONAL BUS APPLICATIONS 



-O- 



□ river • C 

Inputs « o — 



M 
C 
8 
T 
2 
6 



a- TT- 

Driver Y T R 
Enable E 

T 



M 
C 
8 
T 
2 
6 



Enable 



To Other 
Driver*/ Rocei vei^ 



Driver 
Enable 



-• Receiver 
Ou^uts 



□river 
Inputs 



Receiv er 
Enable 



nnnnnnrifi 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



WWWUTJ 




SEATING "^mI— - 
■ PLANE 



NOTES: 



LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 
PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT 
DIM "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL 



^IM 


MILLIMETERS 


INCHES 




MIN 


MAX 


MIN 


MAX 


A 


19.05 


19.81 


0.760 


0.780 


B 


6.22 


6.98 


0.245 


0.275 


C 


4.0G 


5.08 


0.160 


0.2O0 


D 


0.38 


0.51 


0.015 


0.020 


F 


1.40 


1.65 


0.055 


0.065 


G 


2.54 BSC 


0.100 BSC 


H 


0.51 


1.14 


0.020 


0.045 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


7,37 


7 87 


0.290 


0,310 


M 




15" 




15" 




0.51 


1.02 


0.020 


0.Q4fl , 



9 \ 



o 



UUUUUUUU 
— -IfI— 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 




D SEATING 
PUNE 



NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 



■"i^j ««-J I— 



!iia|ii',wwB]iim»iH'j 



^^Ko~ 


21.34 


0.815 


0.840 




!f.io 


6.60 


0.240 


0.260 


c 




4.57 


0.160 


0.180 


D 


0.38 


0.61 


0.015 


0.020 


F 


1.02 


1.52 


0,040 


0,060 


G 


2.64 BSC 


0,100 BSC 


H 


1.32 


1,83 


0,052 


0.072 


J 


0.20 


0.30 


0,008 


0.012 


K 


2.92 


3.43 


0.115 


n),135 


L 


7.37 


7.87 


0,290 


0.310 


M 




10" 




10° 


N 


0.51 J 


L_1.02 


0.020 


0.040 


P 


0,13 


0.38 


0.005 


0.015 




0.5 1 


Mi 
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XC6881 
XC3449 



Product Preview 



TRIPLE BI-DIRECTIONAL BUS SWITCH 

The XC6881/3449 is a three channel, non-inverting, bi-directional 
Bus Extender. It is designed to allow the bi-directional exchange of 
TTL level digital information between a selected pair of ports in a 
three port network. All three ports of each channel may be forced to 
a high impedance condition through that channel's Enable input. 

Port pair selection and listener/talker status for the three channels 
is determined through the Control and Select inputs. All inputs are 
PNP buffered and M6800 Family compatible. 

A summary of XC6881/3449 features Include: 



• Three Channels 

• Noninverting Data Exchange 

• Bi-Directlonal Operation 

• Active Pull-Up with Three-State Capability 

• High Impedance Inputs 

• TTL Compatible (74LS) 



BI-DIRECTIOIMAL 
BUS EXTENDER/SWITCH 



SILICON MONOLITHIC 
INTEGRATED CIRCUITS 




L SUFFIX 
CERAMIC PACKAGE 
CASE 620 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



MICROPROCESSOR BUS SWITCH 
APPLICATION 



Bus #1 



RAM 




MPU 1 
(M 06800) 




RAM 




MPU 2 
(MC6800) 




Bus #2 



I 



High-Speed 
Memory 



Input/Output 

Buffering 
and Control 



I 



PIN CONNECTIONS 
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This is advance information and specifications are subject to efiange witlK>ut notice. 



XC6881 • XC3449 



TRUTH TABLE 



Enable 


Select 


Control 


Data Flow 











2-»3 








1 


3-»2 





1 





1-»3 





1 


1 


3->1 


1 


X 


X 


High Impedance 



X - Don't Care 



1 o- 



2 O 



Enable 



Select O- 
Control O" 



fyWTlQNAL DIAGRAM 

To Other Switches 

▲ A 



□ Q 



-O 3 



TARGET SPECIFICATIONS (4.75 V < VqC < 5-25 V, 0°C < Ta < 70°C) 



Characteristic 


Symbol 


Mtn 


Max 


Unit 


Input Current — Low Logic State 
(V|L = 0.4 V) 


>IL 




-200 




Input Current — High Logic State 

(V|H = 5.25 V) 


"IH 




25 


ma 


Input Voltage — Low Logic State 


V|L 


0.8 




V 


Input Voltage - High Logic State 


V|H 




2.0 


V 


Output Voltage — Low Logic State 
(Iql = 8.0 mA) 
(l0L= 16 mA) 


Vol 




0.5 
0.6 


V 


Output Voltage — High Logic State 
('oh = -1-0 "lA) 


Vqh 


2.4 




V 


Output Disabled Current 

(Vqh = 2.4 V) 

(Vol = 0.5 V) 


'OD 




25 
-25 


MA 
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MOTOROLA Semieontluctor /^rotfuats Inc. 



rOROLA 

PHOEN IX. ARIZONA 85036 



Product Preview 



If A ^ O A P 

XC6885 


XC8T95 


XC6886 


\t g\C% TA A 

XC8T96 


XC6887 


XC8T97 


XC6888 


XC8T98 



HEX THREE-STATE BUFFER/INVERTER 

This series of devices combines four features usually found 
desirable in bus oriented systems. These features are: 1) ^ high im- 
pedance logic Inputs Insure that these devices do not seriously 
load the bus, 2) — three-state logic configuration allows buffers not 
being utilized to be effectively removed from the bus, 3) Schottky 
technology allows high-speed operation and 4) High-impedance 
output state maintained during power up/down. Particularly in 
unidirectional bus extenders and for both Address and Con- 
trol functions. 

The devices differ in that the non-inverting XC8T95/XC6885 
and inverting XC8T96/XC6886 provide a two-input Enable which 
controls all six buffers, while the non-inverting XC8T97/XC6887 
and Inverting XC8T98/XC6888 provide two Enable inputs — one 
controlling four buffers and the other controlling the remaining 
two buffers. 

The units are well-suited for Address buffers on the M6800 or 
similar microprocessor appiication. 

• High Speed - 8.0 ns (Typ) 

• Three-State Logic Configuration 

• Single -i-5 V Power Supply Requirement 

• Compatible with 74LS Logic or M6800 Microprocessor Systems 

• High Impedance PNP Inputs Assure Minimal Loading of the Bus 



TYPICAL EXPANDED M6800 MPU SYSTEM 




HEX THREE-STATE 
BUFFER/INVERTERS 

MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS 











L SUFFIX 




CERAMIC PACKAGE ffl^^^^VtHnn 


CASE 620 














P SUFFIX 




PLASTIC PACKAGE 




CASE 648 



Bus 

(Not shown in detail). 



Data Bus 

'May not be required in minimal sized systems. 



INPUT EQUIVALENT 
CIRCUIT 



OUTPUT EQUIVALENT 
CIRCUIT 
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This is advance information and spectficatTons are sub}act to change without notice. 



PIN CONNECTIONS AND TRUTH TABLES 



Enable 1 
Input A 



E 



Output A jT^ — ^ 



Input B 



Output B [T^ — ^ |— 
Input C 



Output C 



Gnd 8 



XC6885/XC8T95 
^ 



J" 



16 




VCC 
is] Enable 2 
Input F 




14 



— ^ — 13] Output F 



12 



I nput E 
TT] Output E 
Input D 



10 



9 Output D 



Enable 2 



L 
L 
L 
H 
H 



Enable 1 



Input 



Output 



L 
H 
O 
O 

o 



Enable 4 
Input A 

Output A 
I nput B 

Output B 
Input C 

Output C 
Gnd 




E 



XC6887/XC8T97 
W 



6 





^3 

I ^° 



^3 



16 



'CC 



Enable 2 



Input F 
Output F 
Input E 
TT| Output E 
Input O 
Output D 



Enable 



L 
L 
H 



Input 



L 
H 
X 



Output 



L 
H 
O 



Enable 1 
Input A 
Output A 
Input B 
Output B 
Input C 
Output C 




Gnd 8 



XC6886/XC8T96 

W 






16 



VcC 



15 



14 



13 



Enable 2 
Input F 
Output F 
Input E 
Output E 
Input D 
9 Output D 



12 



1 1 



10 



Enable 2 



L 
L 
L 
H 
H 



Enable 1 



Input 



L 
H 
X 
X 
X 



Output 



H 
O 
O 
O 
O 



Enable 4 
Input A 
Output A 



Input B fT" 
Output B 

Input C 
Output C 



Gnd 8 



XC6888/XC8T98 

"W 



8 






16 



'CC 



15 



Enable 2 



14 



13 



1 2 



Input F 
O utput F 
Input E 
Output E 
Input D 
9 Output D 



1 1 



10 



L = Low Logic State 

H = High Logic State 

O = High Impedance State (open) 

X = Irrelevant 



Enable 



L 
L 
H 



Input 



L 
H 
X 



Output 



H 
L 
O 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 



Rating 



Power Supply Voltage 



Input Voltage 



Operating Ambient Temperature Range 



Storage Temperature Range 



Operating Junction Temperature 
Plastic Package 
Ceramic Package 



Symbol 



Vcc 



Ta 



'stg 



Value 



8.0 



5.5 



to +75 



-65 to +1 50 



150 
175 




Unit 



Vdc 



Vdc 



MOTOROLA Semiconductor Rroducts Inc. 



ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 0°C <Ta <75°C and 4.75 V <VcC <5.25 V) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Voltage — High Logic State 
(Vcc = 4.75 V, Ta = 25°C) 


Vm 


2.0 






V 


Input Voltage — Low Logic State 
(Vcc = V, Ta = 25°C) 


VlL 






0.8 


V 


Input Current — High Logic State 

(Vcc = 5.25 V, V|H = 2.4 V) 


I|H 






40 


mA 


Input Current — Low LoqIc Stat6 

(Vcc = 5.25 V, V| L = 0.5 V, V| l(E) = 0.5 V) 


III 






-400 


AiA 


Input Current — High Inripedanco State 

(Vcc = 5.25 V, V|L(|) = 0.5 V, V|h(E)= 2.0 V) 








-40 


mA 


Output Voltage — High Logic State 
(Vcc = 4.75 V, Iqh = -5.2 mA) 


Vqh 


2.4 


- 




V 


Output Voltage — Low Logic State 
(IOL = 48 mA) 


Vol 


- 


- 


0.5 


V 


Output Current — High Impedance State 

(Vcc = 5.25 V, Vqh = 2.4 V) 
(Vcc = 5.25 V, Vol = 0-5 V) 


voo 


- 


- 


40 
-40 


mA 


Output Short-Circuit Current 

(Vcc = 5.25 V, Vq = 0) 

(only one output C3n be shorted at 3 time) 


'OS 


-40 


-80 


-115 


mA 


Power Supply Current 

(Vcc ^ 5-25 V) XC8T95,XC8T97,XC6885,XC6887) 
XC8T96,XC8Tg8,XC6886,XC6888) 


Ice 


- 


65 
59 


98 
89 


mA 


Input Clsmp Voltage 

(Vcc = 4.75 V, l|c - -12 mA) 


Vir 






-1 5 


V 


Oiitnut \/r^f~' Olamn V/rtltarw 

(Vcc = 0,loc= 12 mA) 


VQC 






1 .5 


V 


Output Gnd Clamp Voltage 
(Vcc = 0,loc = -12 mA) 


voc 






-1.5 


V 


Input Voltage 
(l| = 1.0 mA) 


V| 


5.5 






V 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted). 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Propagation Delay Time — Input to Output 
(Rl = 200 n, Cl= 50 pF) 


tPLH 
tPHL 




6.0 
5.0 




ns 
ns 


Propagation Delay Time — Enable to Output 
(RL = 200n, Cl= 50 pF) 
(Rl = 200 n, Cl = 50 pF) 
(Rl = ~,Cl = 50 pF) 
(RL = 200fi, CL = 50pF) 


tPHO(E) 
tPLO(E) 
tPOH(E) 
tPOL(E) 




10 
12 
10 
12 




ns 
ns 
ns 
ns 



FIGURE 1 - TEST CIRCUIT FOR SWITCHING CHARACTERISTICS 

To Scope { I nput) 



FIGURE 2 - WAVEFORMS FOR PROPAGATION DELAY 
TIMES INPUT TO OUTPUT 



To Scope 
Output 




Open for tpoH( E) Only 
Ru +5 V 



Input 



tPHL- 



•■'VW O Output 

XC8T96, XC6886 
XC8T98 or XC6688 



1 N3064 
or Equivalent 



C|_ Includes Probe and 
Jig Capacitance 



Open for 



- tPLH- 

Output 

XC8T95, XC6885 
XC8T97 or XC6887 



1 



tpOL(E) Test Only 





r-1.5 V 









1.5 V 


/ 


^1.5 V 






■^tPHL 


1.5 V 


r-1.5 V 



3 V 

V 
'voH 

Vol 

•Vqh 



Input Pulse Conditions 

^THL=tTLH < 10ns 
f = 1.0 MHz 




MOTOROLA Semiconductor Rroducts Inc. 



1 



FIGURE 3 - WAVEFORMS FOR PROPAGATION DELAY TIMES - CNAiLt TO OUTPUT 
1 




<1.5 V 



3.0 V 



tPOL(E 



3.0 V 



Enable 



Output 



'OL 




Output Vol 



^ ^1 .5 V 



tpOH(E)- 



-3.0 V 



Enable 



'OH 



Output 



FIGURE 4 - ADDRESS MULTIPLEXER FOR 16-PIN 4K NMOS MEMORY 



Row Enable O- 



Row Address From MPU 



Column Address 
From MPU 





XC8T97 
or 
Other 
















MCM6604 
NMOS 
Memory 
Array 




1 
1 












































XC8T97 
or 
Other 







































Column Enable O- 



uuguuuuu 



L Suffix 

Ceramic Package 
Case 620 







mwm 




1 c 







DIM 


f.'iui'v'ntKS 


INCHES 


MIN 


MAX 


MIW 


MAX 


A 


19.05 


19.8], 


0.750 


0.780 


B 


6,22 


6.981 


0.245 


0.275 


C 


4.06 


5.08 


0.160 


0.200 


D 


0.38 


0.61 


0.015 


0.020 


F 


1.40 


1.65 


0.055 


0.065 


G 


2.54 BSC 


0.100 BSC 


H 


0.51 


1.14 


0.020 


0.045 


J 


0.20 


0.31 


0.008 


0.012 


K 


3.18 


0.30 


0.125 


0.160 


— ■JiMBEfMnWililBiMliM 


KHitil 


mm 







NOTES: 



LEAOSWITHIN0.13 mra (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 
PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT 
DIM "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL 



n n ^ r-1 n n ri 




UUUUUUUU 

^fI^ 
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P Suffix 
Plastic Package 
Case 648 




SEATING 
PLANE 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


20.70 


21.34 


0.815 


0.840 


B 


6.10 


6.80 


0.240 


0.260 


C 


4.06 


4.57 


0.160 


0,180 


D 


0.38 


0.51 


0.015 


0.020 


F 


1.02 


1.52 


0.040 


0,080 


G 


2.54 BSC 


0.100 


BSC 


H 


1 32 


1.83 


0.052 


0,072 


J 


0.20 


0.30 


0.008 


0,012 


K 


2.92 


3.43 


0.115 


0,135 


L 


7.37 


7.87 


0.290 


0,310 


M 




10° 




10" 


N 


0.51 


1.02 


0.020 


0,040 

















i — J M-Ju 



NOTES: 

1. LEADS WITHIN 0.13 mm 
(0,006) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION, 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 



MOTOROLA S^micontfuctor f*rof/ttcts inc. 




MCM6810A 



Adva^xice Infopma^tioi:! 



128 X 8-BIT STATIC RANDOM ACCESS MEMORY 

The MCM6810A is a byte-organized memory designed for use in 
bus-organized systems. It is fabricated with N-channel silicon-gate 
technology. For ease of use, the device operates from a single power 
supply, has compatibility with TTL and DTL, and needs no 
clocl<s or refreshing because of static operation. 

The memory is compatible with the I\/I6800 Microcomputer 
Family, providing random storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. 

• Organized as 1 28 Bytes of 8 Bits 

• Static Operation 

• Bi-Directional Three-State Data Input/Output 

• Six Chip Select Inputs (Four Active Low, Two Active High) 

• Single 5- Volt Power Supply 

• TTL Compatible 

• Maximum Access Time = 350 ns - MCM6810AL1 

450ns-MCM6810AL 



ABSOLUTE MAXIMUM RATINGS (See Note 1) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


1 npu : Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


ta 


to +70 


°C 


Storage Temperature Range 


"•"stg 


-65 to -1-150 


°c 



NOTE 1 : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 



MOS 



(N-CHANNEL, SILICON-GATE) 

128 X 8-BIT STATIC 
RANDOM ACCESS 
MEMORY 




NOT SHOWN: 



L SUFFIX 

CERAMIC PACKAGE 
CASE 716 

P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



PIN ASSIGNMENT 



5 C 

6 C 

7 C 

8 C 

9 C 

10 t 

11 c 

12 n 



1 C Gnd O 

2 C DO 

3 C Dl 

4 qD2 
D3 
D4 
D5 
D6 
□ 7 

cso 

CS1 
CS2 



'CC 



V 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
R/W 
CS5 
CS4 
083 



D 24 

□ 23 
3 22 

□ 21 
3 20 

□ 19 
3 18 

□ 17 
D 16 

□ 15 

□ 14 
1 13 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MOMSSIOA RANDOM ACCESS MEMORY 
BLOCK DIAGRAM 



MC6800 

Micro pro cesser 



Read Only 
Memory 



Memory 
Matrix 
(128 X 8) 




MCM6810A 
Randpm 



Interface 
Adapter 



interface 
Adapter 






Data 




Buffers 



Data 
Bus 



Memory Address 
and Control 



Address Data 
Bus Bus 



This is advance information and specifications are subject to change without notice. 



MCM6810A 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


Vcc 


4,75 


5,0 


5,25 


Vdc 


Input High Voltage 


V|H 


2.0 




5.25 


Vdc 


Input Low Voltage 


V|L 


-0.3 




0.8 


Vdc 



DC CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current (An, R/W, CSn.CSn) 
(V|n = Oto 5.25 V) 


lin 






2.5 


fiAdc 


Output High Voltage 
dOH =-205mA) 


VOH 


2,4 






Vdc 


Output Low Voltage 
(IOL = 1-6mA) 


Vol 






0.4 


Vdc 


Output Leakage Current (Three-State) 

(CS = 0.8 V or CS = 2.0 V, Vout = 0-4 V to 2.4 V) 


•lo 






10 


MAdc 


Supply Current 

(Vcc = 5.25 V, all otiier pins grounded, T/v = 0°C) MCIV1681 OAL 

MCM6810AL1 


'cc 






70 
80 


mAdc 



CAPACITANCE (f = 1 O MHz, = 25°C, periodically sampled 

rather than 1(K)% tested.) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


'-■in 


7.5 


pF 


Output Capacitance 


Gout 


125 


pF 



This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. 



BLOCK DIAGRAM 




CSO 10 ■ 



16 Read/Write 



Vcc = Pin 24 
Gnd = Pin 1 
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MCM6810A 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted.) 



FIGURE 1 - AC TEST LOAD 



AC TEST CONDITIONS 



Condition 


Value 


Input Pulse Levels 


0.8 V to 2.0 V 


Input Rise and Fall Times 


20 ns 


Output Load 


See Figure 1 



READ CYCLE 









5.0 V 








> RL = 2.5k 


Test Point o— i 






1 MMD6150 








I or Equiv 


130 pF- ? 




> 11.7 k 


3t MMD7000 


'Includes Jig 






^ or Equiv 


Capacitance ' 

















Charactsristie 


Symbol 


MCM6810AL 


MCM6810AL1 


Untt 


Min 


IMax 


MIn 


Max 


Read Cycle Time 




450 




350 




ns 


Access Time 






450 




350 


ns 


Address Setup Time 


tAS 


20 




20 




ns 


Address Hold Time 


tAH 












ns 


Data Delay Time (Read) 


tDDR 




230 




180 


ns 


Read to Select Delay Time 


tRCS 












ns 


Data Hold from Address 


tDHA 


10 




10 




ns 


Output Hold Time 


tH 


10 




10 




ns 


Data Hold from Write 


tDHW 


10 


80 


to 


60 


ns 



Address 



R/W 



READ CYCLE TIMING 

-l:cvc(R)- 



Data Out 




= Don't Care 




Note: CS and CS can be enabled for consecutive 
read cycles provided R/W remains at V|h. 
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MCM6810A 



WRITE CYCLE 



Characteristic 


Symbol 


IVICM6810AL 


MCM6810AL1 


Unit 


Min 


Max 


Min 


Max 


Write Cycle Time 


tcyclW) 


450 




350 




ns 


Address Setup Time 


tAS 


20 




20 




ns 


Address Hold Time 


tAH 












ns 


Chip Select Pulse Width 


tcs 


300 




250 




ns 


Write to Chip Select Delay Time 


twcs 












ns 


Data Setup Time (Write) 


tDSW 


190 




150 




ns 


Input Hold Time 


tH 


10 




10 




ns 



Address 



WRITE CYCLE TIMING 

: tcyc(W) 



X2.0 V 
0-8 V 



•■tAS* 



CS 



CS 



2.0 ' 



twcs 



tcs- 



8 V 



Data I 



■ tDSW ■ 



-tAH- 



. ^////////////////////. 



tH 



"^/Xy///^ = Don't Care 



2.0 V 
0.8 V 



Data In Stable 



Note: CS and CS can be enabled for consecutive write cycles 
provided R/W is strobed to V|h before or coincident 
with the Address change, and remains high for time t/^s- 
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PACKAGE DIMENSIONS 

CASE 716-02 
(CERAMIC) 



lUOTE: 

1. LEADS TRUE POSITIONED WITHIN 
0.25inm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 



See Page 165 for 

Plastic Package dimensions. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


29.97 


30.99 


1.180 


1.220 


B 


14.88 


15.62 


0.585 


0.615 


C 


3.05 


4.19 


0.120 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.88 


15.37 


0.585 


0.605 


M 




10° 




10° 


l\l 


0.51 


1.52 


0.020 


0.060 



AfOTO^OLA S&ntleontiuctor ^rm^imists Inc. 




Advance Information 



1024 X 8-BIT READ ONLY MEMORY 

The MCIVI6830A is a mask-programmable byte-organized memory 

designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, tlie device 
operates fronn a single power supply, has compatibility with 
TTL and DTL, and needs no clocks or refreshing because of static 
operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte Increments. Memory 
expansion Is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content are 
defined by the customer. 

• Organized as 1024 Bytes of 8 Bits 

• Static Operation 

• Three- State Data Output 

• Four Chip Select Inputs (Programmable) 

• Single 5- Volt Power Supply 

• TTL Compatible 

• Maximum Access Time = 500 ns 



ABSOLUTE MAXIMUM RATINGS (See Note 1) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0 3 to +7.0 


Vdc 


1 npul Voltage 


Vin 


-0.3 to -1-7.0 


Vdc 


Operating Temperature Range 


Ta 


to -^70 


°C 


Storage Temperature Range 


Tstg 


-65 to -H50 


°C 



NOTE 1; Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 



MCM6830A 



MOS 

(N-CHANNEL, SILICON-GAtE) 

1024 X 8-BIT 
READ ONLY MEMORY 




NOT SHOWN: 



L SUFFIX 
CERAMIC PACKAGE 
CASE 716 

P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



PIN ASSIGNMENT 



O 

Gnd 



1 C 

2 C DO 

3 C D1 

4 C D2 

5 t D3 

6 ^DA 
D5 
D6 



7 : 

8 [ 

9 t D7 

I C CSC 

II c csi 

12 C VCC 



A9 



CS3 3 1 4 
CS2 )13 



AO ]24 
A1 )23 
A2 122 
A3 121 
A4 ]20 
A5 ] 19 
A6 3 18 
A7 317 
AS ] 16 



MC6800 
Microprocessor 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MCM6830A READ ONLY MEMORY 
BLOCK DIAGRAM 



Address Date 
Bus Bus 



MCM6830A 
Read Only 
Memory 



Random 
Access 
Memory 



Interface 
Adapter 



Interface 
Adapter 



Modem 



Memory 
Matrix 
(1024 X 8) 



T 





Data 




Buffers 



Selection 
and Control 



Data But 



Memory Address 
and Control 
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This is advance information and specifications are subject to change without notice. 



MCM6830A 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


vcc 


4.75 


5.0 


5.25 


Vdc 


Input High Voltage 


V|H 


2.0 




5.25 


Vdc 


Input Low Voltage 


V|L 


-0.3 




0.8 


Vdc 



DC CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current 

(V|n = to 5.25 V) 


■in 






2.5 


MAdc 


Output High Voltage 
(Ioh=-205mA) 


VOH 


2.4 






Vdc 


Output Low Voltage 
(Iql = 1-6 mAl 


Vol 






0.4 


Vdc 


Output Leakage Current (Three-State) 

(CS = 0.8 V or CS = 2.0 V, Vout = OA V to 2.4 V) 


'LO 






10 


MAdc 


Supply Current 

(Vcc=5.25V,Ta = 0°C) 


Ice 






130 


mAdc 



CAPACITANCE (f = 1 .0 MHz, Ta = 25°C, periodically sampled 
rather than 100% tested.) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cin 


7.5 




Output Capacitance 


Cout 


12.5 


PF 



This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields: however, it is advised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. 



BLOCK DIAGRAM 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



24 - 
23- 
22 - 
21 ■ 
20- 
19- 
18- 
17 - 
16- 
15- 



Address 
Decode 




3-State 
Buffer 



CSO* 10 — 

CSf 11 — 

CS2' 13 — 

CS3* ^A—<^ 



> 




'Active level defined by the customer. 



Vcc = P'" 
Gnd = Pin 1 




MOTOROLA SomicontitMctor Rroducts Inc. 



MCM6830A 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted.) 
(All timing with t^ = tf = 20 ns. Load of Figure 1) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Cycle Time 


tcyc 


500 




ns 


Access Time 


*acc 




500 


ns 


Data Delay Time (Read) 


tDDR 




300 


ns 


Data Hold from Address 


tDHA 


10 




ns 


Data Hold from Deselection 


tH 


10 


150 


ns 



TIMING DIAGRAM 



FIGURE 1-AC TEST LOAD 



Test Point o- 



130 pF* 



-w- 



; 11.7 k 



5.0 V 

Rl_ = 2.5 k 

MMD6150 
or Equiv 



MMD7000 
or Equiv 



'Includes Jig Capacitance 



Address 





^ ' '■ *cyc 

^ *acc ^ 












> 


=-2.0 V 
C-0.8V 
















y////////// 


^ 2.0 V 

tDDR 


0.8 i 


y/////////////. 






C-0.8V 


y////////^. 










-*-tH-»- 
*tDHA^ 




y/////////////////////////////M 


'•2.4 V 
.0.4 V 





Data Out 



it 




13 


t 


) 






B 




1 




12 


1 


i 

A -i 







i 






f—i C 


1 ! M 1 il /I 

SEATING-/ 
— D PLANE G— 




In 1 





(CERAMIC) 

NOTE; 

1. LEADSTRUEPOSITIONEDWITHIN 
0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 



l-J M— I 

— L -! 



See Page 165 for 

Plastic Package dimensions. 



1 

I- 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


29.97 


30.99 


1.180 


1.220 


B 


14.88 


15.62 


0.585 


0.615 


C 


3.05 


4.19 


0.120 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.88 


15.37 


0.585 


0.605 


M 




10° 




10° 


N 


0.51 


1.52 


0.020 


0.060 
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MCM6830A 



CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM6830A, the customer may specify the content of the 
memory and the method of enabling the outputs. 



Information on the general options of the MCM6830A 
should be submitted on an Organizational Data form such 
as that shown in Figure 3. 



Information for custom nfiemory content may be sent 
to Motorola in one of two forms (shown in order of 

preference): 

1 . Paper tape output of the Motorola M6800 Software. 

2. Hexadecimal coding using IBM Punch Cards. 



PAPER TAPE 

Included in the software packages developed for the 
M6800 Micromputer Family is the ability to produce a 
paper tape output for computerized mask generation. The 
assembler directives are used to control allocation of 
memory, to assign values for stored data, and for control- 
ling the assembly process. The paper tape must specify the 
full 1024 bytes. 

Note: Motorola can accept magnetic tape and truth table 
table formats. For further information, contact your 
local Motorola sales representative. 



FIGURE 2- BINARY TO HEXADECIMAL CONVERSION 



Binary 
Data 


Hexadecimal 
Character 






























1 


1 










1 





2 










1 


1 


3 





1 










4 





1 







1 


5 





1 




1 





6 





1 




1 


1 


7 















8 












1 


9 









1 





A 









1 


1 


B 




1 










C 




1 







1 


D 




1 




1 





E 




1 




1 


1 


F 


PUNCH CARDS 



The hexadecimal equivalent (from Figure 2) may be 
placed on 80 column IBM punch cards as follows: 

Step Column 

1 12 Byte "0" Hexadecimal equivalent for 

outputs D7 thru D4 (D7= M.S.B.) 

2 13 Byte "0" Hexadecimal equivalent for 

outputs D3 thru DO (D3 = M.S.B.) 

3 14-75 Alternate steps 1 and 2 for consecutive 

bytes. 

4 77-78 Card number (starting 01) 

5 79-80 Total number of cards (32) 



FIGURE 3- FORMAT FOR PROGRAMMING GENERAL OPTIONS 



ORGANIZATIONAL DATA 
MCM6830A MOS READ ONLY MEMORY 



Customer: 

Company . 
Part No. _ 
Originator . 

Enable Options: 



Phone No. 



Motorola Use Only: 



Quote: 



Part No.: 



Specif. No.: . 



CSO 
CS1 
CS2 
CSS 



1 

□ 
□ 
□ 
□ 





□ 

□ 
□ 
□ 



1 is most positive 
is most negative 




MGTOK&LA Semicontluctor ■f'^MMiW'tci-^s Inc. 




MCM6832 



A€lva,]:ice Informa-tioxi 



2048 X 8-BIT READ ONLY MEMORY 

The MCM6832 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 

N-channel metal-gate technology. For ease of use, the device is 
compatible with TTL and DTL, and needs no clocks or refreshing 
because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through a Chip Select input. The active level of 
the Chip Select input and the memory content are defined by 
the customer. 

• Organized as 2048 Bytes of 8 Bits 

• Static Operation 

• Three- State Data Output 

• Programmable Chip Select 

• TTL Compatible 

• Maximum Access Time = 500 ns 



MOS 

(N-CHANNEL. LOW THRESHOLD) 

2048 X 8-BIT 
READ ONLY MEMORY 




L SUFFIX 

CERAMIC PACKAGE 
CASE 716 

NOTSHOWN; PSUFFIX 

PLASTIC PACKAGE 
CASE 709 



ABSOLUTE MAXIMUM RATINGS'! (Referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltages 


Vdd 


-0.3 to +15 


Vdc 




vcc 


-0.3 to +6.0 






Vbb 


-10 to +0.3 




Address/Control Input Voltage 


Vin 


-0.3 to +15 


Vdc 


Operating Temperature Range 


Ta 


to +70 


°C 


Storage Temperature Range 


Tstg 


-55 to +125 


°C 



Note 1: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for exterxied 
periods of time could affect device reliability. 



PIN ASSIGNMENT 


1 c 


°Vbb 


Vcc 


]24 


2 I 


AID 


Vdd 


123 


3 [ 


OS 


A9 


3 22 


4 C 


oo 


AS 


121 


5 C 


D1 


A7 


3 20 


6 C 


D2 


D4 


3 19 


7 : 


D3 


D5 


ns 


8 C 


AO 


D6 


317 


9 C 


A1 


D7 


3 16 


10 c 


A2 


A6 


315 


11 c 


A3 


AS 


314 


12 C 


^SS 


A4 


313 











MC6800 

Microprocessor 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MCM6832 READ ONLY MEMORY 
BLOCK DIAGRAM 




Random 
Access 
Memory 



Memory 
Matrix 
(2048 X 8) 




Data 






Buffers 





Interface 
Adapter 



Interface 
Adapter 



Modem 



Address Data 
Bus Bus 



I Selection J 
MPd Controdl 

Memory Address 
and Control 



Data Bus 
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This is advance information and specif ications are subject to change without notice. 



MCM6832 



DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vss = Ground) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


Vdd 


11.4 


12 


12.6 


Vdc 


vcc 


4.75 


5.0 


5.25 


Vdc 


Vbb 


-5.25 


-5.0 


-4.75 


Vdc 


Input High Voltage (Ap, CS) 


V|H 


3.0 




Vcc 


Vdc 


Input Low Voltage (An, CS) 


V|L 


-0.3 




0.8 


Vdc 



DC CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Leakage Current (Ap, CS) 
(Vjn = to 5.25 V) 


lin 






10 


(iAdc 


Output Leakage Current (Three-State) 

(Vo = 0.4 V to -2.4 V, CS = 0.4 V or CS = 2.4 V ) 


'LO 






10 


fiAdc 


Output High Voltage 

dOH =-ioomA) 


Vqh 


3.7 




Vcc 


Vdc 


Output Low Voltage 
dOL = 1-6 mA) 


Vol 







0.4 


Vdc 


Supply Current 


'dd 






25 


mAdc 


(Chip Deselected or Selected) 


'cc 






45 


rrjAdc 




'bb 






500 





CAPACITANCE (Periodically Sampled Rather Than 100% Tested.) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Capacitance ( f = 1 MHz) 


Cin 




5.0 


7.5 


pF 


Output Capacitance (f = 1 MHz) 


Cout 




5.0 


10 


pF 



BLOCK DIAGRAM 



AO 
A1 
A2 



8 < 
9C 
IOC 



A3 IK 
A4 13< 
A5 14C 
A6 15C 



X 

Decode 



Memory 
Matrix 



A7 A8 
20 21 



Vcc = Pin 24 
Vdd = Pin 23 

Vss = Pin 12 

Vbb = Pin 1 



Y 

Decode 



22 2 
A9 A10 



Output 
Buffers 



Chip 
Select 



3CS 



— 04 


DO 


— o 5 


D1 


— 06 


□ 2 




D3 


— O 19 


D4 


— 018 


D5 


— 017 


D6 


— 016 


D7 
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MOTOROLA Semiconductor Rrodlucts Inc. 



MCM6832 



AC CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted. All timing with tr = tf <20 ns; 
Load = 1 TTL Gate (MC7400 Series) biased to draw 1.6 mA; Cl = 130 pF.) 



Characteristic 


Symbol 


Min 


Typ» 


Max 


Unit 


Address Access Time 


W 




320* 


500 


ns 


Output Select Time 


tos 




175* 


300 


ns 


Output Deselect Time 


too 


30 


100* 


150 


ns 



•Typical values measured at 25''C and nominal supply voltages. 

FIGURE 1 - AC TEST LOAD 



Test Point o- 



130 pF " 



*25 k 



5.0 V 

Rl = 2.5 k 

MMD6150 
or Equiv 



MMD7000 

or Equiv 



* Includes Jig Capacitance 



FIGURE 2 - TIMING DIAGRAM 



A. ADDRESS ACCESS TIMING DIAGRAM 
(Chip Selected) 



B. CHIP SELECT TIMING DIAGRAM 
(Addresses Established) 



Address 
Input 



3.0 V 



0.8 V 




2.0 V 
.0.8 V 



3.0 V • 



Chip 
Select 



Data 7777777; 
Outputs 



Output Invalid 
Vp,///////, 




-tos- 



\-3-2.0V ^ 

/y Output 



'OH 



Data 
Outputs 



7 



Vol' 



/VHigh /7VV>'^ ° ^Output 
Impedance/ ^\ _ „ ,, Valid 

/ / / / / / //y.o.a\/ 



-tOD 



\l> t I I 
V High 

r Impedance 

t t / 



\ 



24 

) 




13 

12 


t 

B 


A , -1 



SEATING 
— D PLANE G— - 



PACKAGE DIMENSIONS 

CASE 716-02 
(CERAMIC) 

NOTE: 

1. LEADSTRUE POSITIONED WITHIN 
0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 



SEE PAGE 165 FOR 
PLASTIC PACKAGE 
DIMENSIONS. 






MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


29.97 


30.99 


1.180 


1.220 


B 


14.88 


15.62 


0.585 


0.615 


C 


3.05 


4.19 


0.120 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0,030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0,012 


K 


2.54 


4.19 


0.100 


0,165 


L 


14.88 


15.37 


0.585 


0,605 


M 




100 




100 


N 


0.51 


1.52 


0.020 


0,060 



® 



MCM6832 



CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM6832, the customer may specify the content of the 
memory and the method of enabling the outputs. 



Information on the general options of the MCM6832 
should be submitted on an Organizational Data form such 
as that shown in Figure 4. 



Information for custom memory content may be sent 
to Motorola in one of two forms (shown in order of 
preference) : 

1. Paper tape output of the Motorola M6800 Software. 

2. Hexadecimal coding using IBM Punch Cards. 



PAPER TAPE 

included in the software packages developed for the 
M6800 Microcomputer Family is the ability to produce a 

paper tape output for computerized mask generation. The 
assembler directives are used to control allocation of 
memory, to assign values for stored data, and for control- 
ling the assembly process. The paper tape must specify the 
full 2048 bytes. 



Note: Motorola can accept magnetic tape and truth table 
table formats. For further information, contact your 
local Motorola sales representative. 



FIGURE 3 - BINARY TO HEXADECIMAL 

CONVERSION 



moD 






LSB 




D7 


D6 


D5 


D4 


Hexadecimal 


03 


D2 


D1 


UU 


Character 


























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 













8 










1 


9 







1 





A 







1 


1 


B 




1 








C 




1 





1 


D 




1 


1 





E 




1 


1 


1 


F 



0= Vol 

1 = V0H 



IBM PUNCH CARDS 

The hexadecimal equivalent (from Figure 3) may be 
placed on 80 column IBM punch cards as follows: 

Step Column 

1 12 Byte "0" Hexadecimal equivalent for 

outputs D7 thru D4 (D7 = M.S.B.) 

2 13 Byte "0" Hexadecimal equivalent for 

outputs D3 thru DO {D3 = M.S.B.) 

3 14-75 Alternate steps 1 and 2 for consecutive 

bytes. 

4 77-78 Card number (starting 01) 

5 79-80 Total number of cards (64) 



FIGURE 4 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 



ORGANIZATIONAL DATA 
MCM^32 MOS READ ONLY MEMORY 



Customer: 
Company 
Part No. . 
Originator 



Phone No. 



Motorola Use Only: 



Quote: _ 
Part No. 



Specif. No.: 



True Chip Select Options: 



II. 



□ 



1 is most positive 
is most negative 





MCM68308 



Advance Information 



ABSOLUTE MAXiMUM RATINGS (See Note 1) 



1024 X 8-BIT READ ONLY MEMORY 

The MCM68308 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device 
operates from a single power supply, has compatibLUty with 
TTL and DTL, and needs no clocks or refreshing because of static 
operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content are 
defined by the customer. 

• Static Operation 

• Three-State Data Output 

• Mask-Programmable Chip Selects for Simplified Memory Expansion 

• Single 5- Volt Power Supply 

• TTL Compatible 

• Maximum Access Time = 500 ns 

• Pin Compatible with MCM68708 Alterable ROM 

• Pin Compatible with MCM68317 2048 x 8-Bit ROM 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


1 nput Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


Ta 


to +70 


"C 


Storage Temperature Range 


^stg 


-65 to +150 


"c 



NOTE 1 ; Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 



MOS 

(N-CHANNEL, SILICON-GATE) 

1024 X 8-BIT 
READ ONLY MEMORY 




NOT SHOWN: 



L SUFFIX 
CERAMIC PACKAGE 
CASE 716 

P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



PIN ASSIGNMENT 



1 C 
2C 
3C 



4C A4 



5C 
6C 
7C 
8C 
9C 
IOC 
lie 
12C 



A7 O 

A6 

A5 



Vcc 3 24 
A8 3 23 



A9 



3 22 



A3 
A2 
A1 
AO 
DO 
D1 
D2 
Gnd 



NC 3 21 
CS1 3 20 
NC 3 19 
CS2 □ 18 
D7 □ 17 
D6 3 16 
D5 3 15 
D4 3 14 
D3 3 13 



MC6800 
M icroprocessor 



Address Data 
Bus Bus 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MCM68308 
Read On 
Memor' 



108 1 



Random 
Access 
Memory 



I nterf ace 
Adapter 



Interface 
Adapter 



Modem 



MCM68308 READ ONLY MEMORY 
BLOCK DIAGRAM 



Memory 
Matrix 
(1024 X 8) 



Selection 




Memory Addres* 
and Control 





Data 




Buffers 



Data Bus 
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This i* advance informatton and specif ications are subjectto change without notice. 



MCM68308 



DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


vcc 


4.75 


5.0 


5.25 


Vdc 


Input High VoFtage 


V|H 


2.0 




5.25 


Vdc 


Input Low Voltage 


V|L 


-0.3 




0.8 


Vdc 



DC CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current 

IVjn = Oto 5.25 V) 


l,n 






2.5 


MAdc 


Output High Voltage 
dOH =-205mA) 


Vqh 


2.4 






Vdc 


Output Low Voltage 
(Iql = l e mAI 


Vol 






0.4 


Vdc 


Output Leakage Current (Three-State) 

(CS = 0.8 V or CS = 2.0 V, Vgut = OA V to 2.4 V) 


ILO 






10 


fjAdc 


Supply Current 

(Vcc= 5.25V,Ta = 0°C) 


Ice 
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CAPACITANCE (f = 1 O MHz, = 25°C, periodically sampled 
rather than 100% tested.) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cin 


7.5 




Output Capacitance 


Cout 


12.5 


pF 



This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. 



CS 
CS2 



AO 


8 


A1 




A2 


6 


A3 


5 


A4 




A5 




A6 




A7 




A8 


23 


A9 


22 
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MCM68308 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted.) 
(All timing with t^ = tf = 20 ns. Load of Figure 1) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Cycle Time 


tcyc 


500 




ns 


Access Time 


tacc 




500 


ns 


Data Delay Time (Read) 


tQDR 




300 


ns 


Data Hold from Address 


tDHA 


10 




ns 


Data Hold from Deselection 


tH 


10 


150 


ns 



TIMING DIAGRAM 



FIGURE 1-AC TEST LOAD 


> 5.0 V 








• Bl = 2.5 k 


Test Point o— ' 






1 MMD6150 








or Eguiv 


130 pF* 7 




> 11.7 k ^ 
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^ or Equiv 


'Includes Jig Capacitance 
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^ *cyc 

^ *acc 












> 


=-2.0 V 
c-0.8 V 
















y/////////7 


^ 2.0 V 

tDDR 


0.8 V^S 


y/////////////. 








y////////9>'^ 
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y//////// 



Data Out 



I 



24 

- 




13 
12 


t 

B 


A 
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PACKAGE DIMENSIONS 

CASE 716-02, 
(CERAMIC) 

NOTE; 

1. LEADS TRUE POSITIONED WITHIN 
0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUIVI MATERIAL 
CONDITION. 



SEE PAGE 165 FOR 
PLASTIC PACKAGE 
DIMENSIONS. 



1 m 

DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


29.97 


30.99 


1.180 


1.220 


B 


14.88 


15.62 


0.585 


0.615 


C 


3.05 


4.19 


0.120 


0.165 





0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.88 


15.37 


0.585 


0.605 


M 




10" 




10" 


N 


0.51 


1.52 


0.020 


0.060 
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MCIVI68308 



CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM68308, the customer may specify the content of the 
memory and the method of enabling the outputs. 



Information on the general options of the 1VICM68308 
should be submitted on an Organizational Data form such 
as that shown in Figure 3. 



Information for custom memory content may be sent 
to Motorola in one of two forms (shown in order of 
preference): 

1 . Paper tape output of the Motorola M6800 Software. 

2. Hexadecimal coding using IBM F^jnch Cards. 



PAPER TAPE 

Included in the software packages developed for the 
M6800 Microcomputer Family is the ability to produce a 
paper tape output for computerized mask generation. The 
assembler directives are used to control allocation of 
memory, to assign values for stored data, and for control- 
ling the assembly process. The paper tape must specify the 
full 1024 bytes. 

Note: Motorola can accept magnetic tape and truth table 
table formats. For further information, contact your 
local Motorola sales representative. 



FIGURE 2 - BINARY TO HEXADECIMAL CONVERSION 



Binary 

Data 


rtcAoUBdlllal 

CharactBr 






























1 


1 










1 





2 










1 


1 


3 





1 










4 





1 







1 


5 





1 




1 





6 





1 




1 


1 


7 















8 












1 


9 









1 





A 









1 


1 


B 




1 










C 




1 







1 


D 




1 




1 





E 




1 




1 


1 


F 


PUNCH CARDS 



The hexadecimal equivalent (from Figure 2) may be 
placed on 80 column IBM punch cards as follows: 

Step Column 

1 12 Byte "0" Hexadecimal equivalent for 

outputs D7 thru D4 (D7 = M.S.B.) 

2 13 Byte "0" Hexadecimal equivalent for 

outputs D3 thru DO (D3 = M.S.B.) 

3 14-75 Alternate steps 1 and 2 for consecutive 

bytes. 

4 77-78 Card number (starting 01) 

5 79-80 Total number of cards (32) 



FIGURE 3- FORMAT FOR PROGRAMMING GENERAL OPTIONS 





ORGANIZATIONAL DATA 
MCM68308 MOS READ ONLY MEMORY 




Customer: 








r.nmnanw 






Motorola Use Only: 




Part Nn 


Quote: . 






Driginator 


Part No.: 






PHnno Mrt 


Specif. No. 






Enable Options: 










1 

CS1 n 

CS2 CH 




□ 
□ 


1 is most positive 
is most negative 
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ProdLuct Preview 



16,384-BIT READ ONLY MEMORY 



The MCM68317 is a 16,384-bit high-speed Read Only iVlemory 
designed for high-performance, low-cost applications. Organized as 
2048 eight-bit bytes, the device optimizes speed, power, and density 
trade-offs. 

For ease of use, the memory operates from a single -i-5 volt power 
supply. No clocks or refreshing are required because of static opera- 
tion. All inputs are TTL compatible, and the outputs are three-state 
TTL compatible. 

The MCM68317 is a logical extension of the IVICM68708, an 
8192-bit AROM. An additional address, A10, replaces the Vqd 
power supply at pin 19, and CS2 replaces the Program input at 
pin 18. VgB is removed, leaving pin 21 with no connectian. 

• Organized as 2048 Bytes of 8-Bits 

• Static Operation 

• Single -1-5 Volt Power Supply 

• Access Time = 500 ns 

• Low Power Dissipation 

• Two Mask-Programmable Chip Select Inputs Available for Memory 
Expansion 

• TTL Compatible 

• Three-State Outputs 

• Logical Extension of the MCM68708 AROM 



MCM68317 



MOS 

(N-C MANNED 

2048 X 8-BIT STATIC 
READ ONLY MEMORY 




NOT SHOWN: 



L SUFFIX 
CERAMIC PACKAGE 
CASE 716 

P SUFFIX 
PLASTIC PACKAGE 
CASE 709 



PIN ASSIGNMENT 



1 t A7 O 



2C 



3C A5 
4C A4 

5C 



6C A2 



7: 

8C 
9C 

IOC 

1 1 c 

12C 



A6 



VCC 
AS 
A9 
N.C. 

A3 CS1/^1 



A1 

AO 
DO 
D1 
D2 
Vss 



A10 
CS2/CS2 

D7 



D5 



3 24 

D 23 
] 22 
321 
3 20 
3 19 
3 18 
3 17 
D6 3 16 



3 15 



D4 3 14 
D3 3 13 



MC6800 
Microprocessor 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MfaM68317 READ ONLY MEMORY 
BLOCK DIAGRAM 



Address Data 
Bus Bus 



MCM68317 
Read Only 
Memory 



Random 
Access 
Memory 



Interface 
Adapter 







1 nterf ace 
Adapter 






1 




Modem 


( 


1 







Memory 
Matrix 
(2048 X 8) 





Data 




Buffers 



Data Bus 




Memory Address 
eiri^ C6ntrd1 



127 
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MCM68317 



BLOCK 01 AGfiAM 



D0-D7 



CS1/CS1 
CS2/^2 



Control 

Logic 



I T ! ! I 1 1 T 



Output Buffers 



A0-A10 < 



O- 



X 

Decode 



127 



127 



Memory 
Matrix 
(128 X 128) 
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I*rod[vict Preview 



1024 X 8-BIT ALTERABLE READ ONLY MEMORY 



The MCM68708 is an 8192-bit Alterable Read Only Memory 
designed for system debug usage and similar applications requiring 
non-volatile memory that must be reprogrammed periodically. The 

transparent lid on the package allows the memory content to be 
erased with ultraviolet light. The memory can then be electrically 
reprogrammed. 

• Organized as 1024 Bytes of 8-Bits 

• Static Operation 

• Standard Power Supplies of -H2 V, +5 V, and -5 V. 

• Access Time = 500 ns 

• Low Power Dissipation 

• Chip Select Input for Memory Expansion 

• TTL Compatible 

• Three-State Outputs 

• Compatible with the 2708 



MCM68708L 



MOS 



(N-CHANNEL. SILICON-GATE) 



1024 X 8-BIT ALTERABLE 
READ ONLY MEMORY 




CERAMIC PACKAGE 



PIN ASSIGNMENT 


1 CZ 


A7 O Vcc 


=3 24 


2CZ 


A6 


A8 


ID 23 




A5 


A9 


ID 22 




A4 


Vbb 


321 


5CZ 


A3 


CS/WE 


Z3 20 


ec 


A2 


Vdd 


ID 19 


Td 


A1 


Progr. 


Z3 18 




AO 


D7 


z: 17 


ad 


DO 


D6 


ZD 16 


loc: 


D1 


D5 


=3 15 


11 c 


D2 


D4 


=1 14 


12C 


vss 


D3 


Z3 13 











M 06 800 
Microprocessor 



Address Data 
Bus Bus 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MCM6B708 
Read Only 
Memory 



Random 
Access 
Memory 



I nterf ace 
Adapter 



Interface 
Adapter 



Modem 



MCM68708 READ ONLY MEMORY 
BLOCK DIAGRAM 



Selection 
and Control 



T 



Memory Address 
and CpntTQl 



Memory 




Data 


Matrix 




Buffers 


(1024 X 8) 
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MCM68708 



BLOCK DIAGRAM 



D0-D7 



Program 
CS/WE 



Control 
Logic 



A0-A9 



X 

Decode 



Output Buffers 



Y Decode 



Memory 
Matrix 
(128 x 64) 



63 
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MOTOROLA Semiconductor Rroducts Inc. 




Advance Information 



4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM6604 is a 4096-bit high-speed dynamic Random Access 
Memory designed for high-performance, low-cost applications in 
mainframe and buffer memories and peripheral storage. Organized as 
4096 one-bit words and fabricated using Motorola's highly reliable 
N-channei silicon gate technology, thisdevice optimizes speed, power, 
and density tradeoffs. 

By multiplexing row and column address Inputs, the MCM6604 
requires only six address lines and permits packaging in Motorola's 
standard 16 pin dual in-line packages. Complete address decoding is 
done on chip with address latches incorporated. 

All inputs are TTL compatible, and the output is 3-state TTL 
compatible. The MCM6604 incorporates a one-transistor cell design 
and dynamic storage techniques, with each of the 64 row addresses 
requiring a refresh cycle every 2.0 milliseconds. 

• Organized as 4096 Words of 1 Bit 

• Maximum Access Time = 250 ns ( L2,P2) 

300ns(L4,P4) 
350 ns(L,P) 

• Minimum Read and Write Cycle Time = 

375 ns (L2,P2) 
425 ns (L4,P4) 
500 ns (L,P) 

• Low Power Dissipation 

630 mW Maximum (Active) 
25 mW Maximum (Standby) 

• TTL Compatible 

• 3-State Output 

• On-Chip Latches for Address, Chip Select, and Data In 

• Power Supply Pins on Package Corners for Optimum Layout 

• Standard 16-Pin Package 

• Compatible with the Popular 2104/MK4096 



ABSOLUTE MAXIMUM RATINGS (See Note 1) 



MCM6604L/L2/L4 
MCM6604P/P2/P4 



Rating 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgg 


Vln. Vout 


-0.3 to +20 


Vdc 


Operating Temperature Range 


Ta 


to +70 


"c 


Storage Temperature Range 


Tstg 


-65 to +150 


"c 



MOS 

(N-CHANNEL, SILICON-GATE) 

4096-BIT DYNAMIC 
RANDOM ACCESS 
MEMORY 




L SUFFIX 
CERAMIC PACKAGE 
CASE 690 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 





PIN ASSIGNMENT 








w 








1 






vss 




16 


2 




D|n 


CAS 




15 


3 




Write 


Dout 




14 


4 




RAS 


CS 




13 


5 




AO 


A3 




12 


6 




A2 


A4 




11 


7 




A1 


AS 




10 


8 




Vdd 


vcc 




9 















NOTE 1; Permanent device damage may occur if ABSOLUTE MAXUVIUM RATI NGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 



This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. 
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MCM6604L/L2/L4 • MCM6604P/P2/P4 



DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED OPERATING CONDITIONS (Referenced to Vss = Ground) 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 




Vdd 


11.4 


12.0 


12.6 


Vdc 






vcc 


4.5 


5.0 


5.5 


Vdc 






Vbb 


^.5 


-5.0 


-5.5 


Vdc 


Input High Voltage 


An, CS, Djn 


VlH 


2.4 




Vcc 


Vdc 




RAS, CAS, Write 




2.7 




Vcc 




Input Low Voltage 


All Inputs 


V|L 


-1.0 




0.8 


Vdc 



DC CHARACTERISTICS (Vpp = 12 V ±5%, Vqc = 5.0 V ±10%, Vbb = -5 V ±10%) 



Charaeterlnic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current, Any Input 


lin 






10 


mA 


(Vin =0to Vcc) 












Output High Voltage 


Vqh 


2.4 






Vdc 


do = -3.0 mA) 












Output Low Voltage 








n 4 


Vdc 


do = 2.0 mA) 












Output Leakage Current 


'LO 






10 


mA 


(Output Disabled by CS Input) 












Average Supply Current, Active Mode 


Idda 






50 


mA 


(Tcyc(W) = min,TA = 70°C) 


ICCA 






100 


mA 




Ibba 






100 


ma 


Supply Current, Standby Mode 


Idds 






2.0 


mA 


(Ta = 70°C) 


Ices 






10 


mA 




Ibbs 






100 


mA 



PACKAGE DIMENSIONS 







9 
8 








N 



CASE 690-07 




SEATING PLANE 





MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


18.80 


19.23 


0.740 


0.767 


C 


2.67 


3.94 


0.106 


0.155 


□ 


0.41 


0.61 


0.016 


0.020 


F 


1.14 


1.40 


0.045 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.51 


0.71 


0.020 


0.028 


J 


0.20 


0.31 


0.008 


0.012 


K 


3.56 


4.83 


0.140 


0.190 


L 


7.62 BSC 


0.300 BSC 


M 




10° 




10" 


N 


0.64 


1.14 


0.025 


0.045 





NOTE 

l.LEAOSWITHIN0.13mm(0.005)RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 



,;f) r-i A ,ri n n ri , 



o 



UUUUUUUIJ 
— IfI— 



rmwm 

SEATING 



CASE 648-03 j 



-.'1 — J M — 



DIM 


MILLIMETERS 


INCHES 




MAX 


MIN 


MAX 


A 


20.70 


21.34 


0.815 


0.84D 


S 


6.10 


6.60 


0.240 


0.260 


C 


4.06 


4.57 


0.1 GO 


0.180 


D 


0.38 


0.51 


aoi5 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.32 


1.83 


0.052 


0072 


J 


0.20 


0.30 


0.008 


0012 


K 


2.92 


3.43 


0115 


0135 


L 


7.37 


7.87 


0290 


0.310 


M 




10° 




10" 


N 


0.51 


1.02 


O020 


0.040 


P 


10.13 


0.38 


O.OOS 


O015 


a 


0.51 


076 


0.020 


0.030 



NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.0051 RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" 
CENTER OF LEAB 
WHEN FORMED 
PARALLEL 
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MCM6604L/L2/L4* MCM6604P/P2/P4 



EFFECTIVE CAPACITANCE (Full operating voltage and temperature range, periodically sampled rather than 100% tested.) 



Charactaristie 


Symbol 


Max 


Unit 


Input Capacitance 

RAS, CAS, D|n, Write, CS 


Cin(EFF) 


10 
7.0 


pF 


Output Capacitance 


CoutlEFF) 


8.0 





AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Read, Write, and Read-Modify-Write Cycles) 



RECOMMENDED AC OPERATING CONDITIONS (Vdd = 12 v ±5%, Vqc = 5 V io%, v^b = -5.0 v ± io%,Ta ° o to 70°c) 



Parameter 


Symbol 


MCM6604L,P 


MCM6604L2J>2 


MCM6604L4P4 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


kvc 


500 




375 




425 




ns 


Read-Modify-Write Cycle Time 


tcyc(RMW) 


700 




540 




620 




ns 


Row Address Strobe Precharge Time 


tRP 


150 




125 




125 




ns 


Row to Column Strobe Lead Time (Note 1) 


tRCL 


110 


150 


70 


110 


90 


130 


ns 


Column Address Strolje Pulse Width 


tCPW 


200 




140 




170 




ns 


Address Setup Time 


tAS 

















ns 


Address Hold Time 


tAH 


100 




60 




80 




ns 


RAS Address Release Time 


tAR 


250 




170 




210 




ns 


Read Command Setup Time 


tRCS 

















ns 


Read Command Hold Time 


tRCH 


100 









80 




ns 


Read Command Pulse Width 


tRPW 


300 




200 




250 




ns 


Write Command Hold Time (Note 2) 


tWCH 


150 




110 




130 




ns 


Write Command Pulse Width 


twp 


200 




140 




170 




ns 


Column to Row Strobe Lead Time 


tCRL 


-50 


+50 


-40 


+40 


-45 


+45 


ns 


Write Command to Column Strobe Lead Time 


ICWL 


200 




140 




170 




ns 


Data In Setup Time 


tDS 

















ns 


Data In Hold Time 


tDH 


150 




110 




130 




ns 


Refresh Period 


tREF 




2.0 




2.0 




2.0 


ms 


Modify Time 


tMOD 





10 





10 





10 


MS 



1 • 'f 'RCL '5 greater than the maximum recommended value shown in this table, 
tcyc 3"^^ '^RAC increase by the amount that tpcL exceeds the value shown. 

2. The Write Command Hold Time is important only when normal random write cycles are 
being performed. During a read-write or a read-modifV'Write cycle, the limiting parameter 
is the Write Command Pulse Width. 



AC CHARACTERISTICS (tf = tf = 20 ns. Load = 1 MC74H00 Series TTL Gate, C|_(efF) = 50 pF) 



Characteristic 


Symbol 


MCM6604Li> 


MCM6604L2P2 


MCM6604L4P4 


Unit 


Max 


Max 


Max 


Access Time from Row Address Strobe 
(tRCL =! 150 ns for MCM6604L,P) 
(tRCL < 110ns for MCIV16604L2,P2) 
(tRCL < 130 ns for MCM6604L4,P4) 


tRAC 


350 


250 


300 


ns 


Access Time from Column Address Strobe 


tCAC 


200 


150 


175 


ns 


Output Buffer Turn-Off Delay 


toff 


100 


65 


85 


ns 
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MCM6604L/L2/L4 • MCM6604P/P2/P4 



READ CYCLE TIMING 



RAS 



CAS 



Address 



tAS- 




Write 



Data 
Out 



— ^AH— Us 





J — 

^ tRp . V— V,L 



-tRCL- 




• tAR 



tRCS 



— ^AH 



toff ■ 



-tcpw- 



I 



■tCRL 



•tRCH 




— tAH — 



Data Stable from Previous 
'Cycle (or Disabled) 



■ tRAC ■ 



Data Valid 



'IL 



V|H 




'IH 




'IL 



'OH 



'OL 



= Don't Care 
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MCM6604L/L2/L4 • MCM6604P/P2/P4 



WRITE CYCLE TIMING 



RAS 



CAS 



tAS- 



Address 



Write 



Data ln> 



CS 



Data 
Out 





t= 




■'AR - 



•— tRCS- 



-twp- 



Ids ■ 





•^'AH-" 



--tWCH-" 



toff ■ 



-tCPW -'^ 



-tCWL- 



*CRL 



■tCAC- 



Oata Stable from Previous 
' Cycle (or Disabled) 



■ tRAC • 



V|H 



'IL 



'IL 



V|H 







'IH 



'IL 



Output Follows 
Data Input 



VoH 



'OL 



Don't Care 
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MCIVI6604L/L2/L4 • MCM6604P/P2/P4 



READ - MODIFY - WRITE TIMING 



CAS 



Address 




Write 



CS 



Data In 



Data 
Out 



-tcvc(RMW) 





tRP • 











■^^AH — 



■tRCL- 



tAS- 




-tAR- 



*-tRCS-*- 






-tcpw- 



L 



— ^AH — 
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BLOCK DIAGRAM 
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ADDRESSING 

The MCM6604 has six address inputs (AO through A5) 

that are common to two address registers, one register for 
the row address and another for the column address. The 
column register has an additional latch that accommodates 
the Chip Select (CS) signal. At the start of a memory cycle, 
the row address is latched into the address register with 
the Row Address Strobe (RAS) signal. Next, the 6-bit 
column address Is placed on the address bus along with 
the Chip Select signal, and they are latched into the 
column re gister with the Column Address Strobe (CAS). 
Since the Chip Select signal is latched well into the mem- 
ory cycle, its decoding time will not increase the memory 
system access or cycle time. 

DATA OUTPUT 

In order to simplify the memory system design and 
reduce the total package count, the MCM6604 contains 
an input data latch and a buffered output data latch. 
The state of the output latch and buffer at the end of a 
memory cycle will depend on the type of memory cycle 
performed and whether the chip is selected or unseleeted 
for that memory cycle. 

A chip will be unseleeted during a memory cycle if: 
(1) The chi p receives b oth RAS and CAS signals, 
but no Chip Select signal. 



(2) The chip receives a CAS signal but no RAS 
signal. With this condition, the chip will be 
unsele eted regardless of the state of Chip 

Select input. 

If, during a read, write, or read-mod if y-write cycle, 
the chip is unseleeted, the output buffer will be in the 
high impedance state at the end of the memory cycle. The 
output buffer will remain in the high impedance state 
until the chip is selected for a memory cycle. 

For a chip to be selected during a memory cycle, it 
must receive the following signals: RAS, CAS, and Chip 
Select. The state of the output latch and buffer of a 
selected chip during the following type of memory cycles 
would be: 

(1) Read Cycle - On the negative edge of CAS, 
the output buffer will unconditionally go to a 
high impedance state. It will remain in this 
state until access time. At this time, the output 
latch and buffer will assume the logic state 
of the data read from the selected cell. This 
output state will be maintained until the chip 
receives the next CAS signal. 

(2) Write Cycle - If the Write input is switched 
to a logic before the CAS transition, the 
output latch and buffer will be switched to 
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the state of the data input at the end of the 
access time. This logic state will be maintained 
until the chip receives the next CAS signal. 
(3) Read-Modify-Write — Same as a read cycle. 

DATA INPUT 

Data to be written into a selected storage cell of the 
memory chip is first stored in the on-chip data latch. The 
gating of this latch is performed with a combination of the 
Write and CAS signals. The last of these signals to make a 
negative transition will strobe the data into the latch. If 
the Write input is switched to a logic at the beginning of 
a write cycle, the falling edge of CAS strobes the data 
into the latch. The data setup and hold times are then 
referenced to the negative edge of CAS. 

If a read-modify-write cycle is being performed, the 
Write input would not make its negative transition until 
after the CAS signal was enabled. Thus, the data would 
not be strobed into the latch until the negative transition 
of Write . The data setup and hold times would now be 
referenced to the negative edge of the Write signal. The 
only other timing constraints for a write-type cycle is that 
both the CAS and Write signals remain in the logic state 
for a sufficient time to accomplish the permanent storage 
of the data into the selected cell. 

INPUT/OUTPUT LEVELS 

All of the inputs to the MCM6604 are TTL compatible. 
The inputs feature high impedance and low capacitance 
«10 pF) characteristics which will minimize the driver 
requirements in a memory system. The three-state data 
output buffer is TTL compatible and has sufficient current 



sink capability (2 mA) to drive one high speed TTL load. 

The output buffer also has a separate Vcc P'^ so that it 
can be powered from the same supply as the logic being 
employed. 

POWER DISSIPATION 

Since the MCM6604 is a dynamic RAM, its power drain 
will be extremely small during the time the chip is 
unselected. 

The power of the MCM6604 increases when selected 
and most of this increase is encountered on the address 
strobe edge. Hence, the power will be a function of the 
duty cycle. 

In a memory system, the CAS signal must be supplied 

to all the memory chips to insure that the outputs of the 
unselected chips are switched to the high impedance state. 
Those chips that do not receive an RAS signal will not 
dissipate any power on the CAS edge except for that 
required to turn off the chip outputs. Thus, in order to 
insure minimum system power, the RAS signal should be 
decoded so that only the chips to be selected receive an 
RAS signal. If the RAS signal is decoded, then the chip 
select input of all the chips can be set to a logic state. 

REFRESH 

The MCM6604 is refreshed by sequentially cycling 
through the 64 row addresses every 2 milliseconds or less. 
It is not necessary to supply the CAS to the chip while it 
is being refreshed. Any read, write, or read-modify-write 
cycle will refresh a selected row. However, if a write 
cycle is used to perform a refresh cycle the chip must 
be unselected. 





4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM6605A is a 4096-bit high-speed dynamic Random Access 
IVIemory designed for high-performance, low-cost applications in 
mainframe and buffer memories and peripheral storage. Organized 
as 4096 one-bit words, these memories are fabricated using selective 
oxidation N-channel silicon gate technology to optimize device 
speed, power and density tradeoffs. 

All address and control inputs are TTL compatible except for 
a single high-level clock (Chip Enable). Complete address decoding 
is done on chip and address latches are incorporated for ease of use. 
Refreshr of the entire memory can be accomplished by sequentially 
cycling through addresses A0'A4 (32 cycles) a maximum of every 
2.0 milliseconds. 

The MCIV16605A uses a three-transistor memory cell to simplify 
internal sense amplifier requirements. Output data is inverted with 
respect to input data. The outputs are 3-state TTL configuration and 
require no external sense amplifier. Outputs are in the high impedance 
(floating) state when either the Chip Enable is in the low state or the 
Chip Select is in the high state. 



Organized as 4096 Words of 1 Bit 



LI, PI 

150 ns 
290 ns 
390 ns 



Maximum Access Time = 
Minimum Read Cycle Time = 
Minimum Write Cycle Time = 
Minimum Read Modify Write 

Cycle Time = 390 ns 

Low Power Dissipation 
335 mW Typical (Active) 
2.6 mW Typical (Standby with Refresh) 

Easy Refresh — Only 32 Cycles Every 2.0 ms 

TTL Compatible 

3-State Output 

Address Latches On Chip 

Power Supply Pins on Package Comers 
for Layout Simplification 

Typical Applications: 
Main Memory 
Buffer Memory 
Peripheral Storage 



L2,P2 

200 ns 
360 ns 
490 ns 

490 ns 



L, P 

300 ns 
470 ns 
590 ns 

590 ns 



ABSOLUTE MAXIMUM RATINGS (See Note 1) 



MCM6605A L/L1/L2 
MCIII6605A P/P1/P2 



MOS 

(N-CHANNEL. SILICON^ATE) 

4096-BIT DYNAMIC 
RANDOM ACCESS 
MEMORY 




L SUFFIX 

CERAMIC PACKAGE 
CASE 677 




P SUFFIX 

PLASTIC PACKAGE 
CASe 708 



Rating 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgg 


Vjn. Vout 


-0.3 to -1-20 


Vdc 


Operating Temperature Range 


Ta 


to +70 


°C 


Storage Temperature Range 


"■"stg 


-65 to -Hi 50 


°C 



PIN ASSIGNIVIENT 



Vbb 1 C 



A3 2 d 

Preset* 3 1 

Data In 4 [ 

All 5 I 

Chip Enable 6 I 

Data Out 7 IH 



Chip Select 8 
A4 9 
A210 



Vcc 1 1 C 



] 22 Vqd 
]21 A1 
] 20 A10 

] 19 A9 
] 18 AS 
] 17 A7 
]16 A6 
] 15 A5 

]14 Read/Write 
]13 AO 
3l2 Vgs 



*Soe Applications Information 



NOTE 1 ; Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability;. 



This device contains circuitry to protect the 
inputsagainst damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vss) 



Parameter 


Symbol 


Min 


niom 


Max 


unit 


Supply Voltage 




1 1 .4 




12.6 


Vdc 


vcc 


4.5 


5.0 


5.5 


Vdc 


Vss 











Vdc 


Vbb 


-5.25 


-5.0 


-4.75 


Vdc 


Logic Levels 

Input High Voltage (An, Din, R/W, CS) 


V|H 


3.0 




Vdd + 0.6 


Vdc 


Input Low Voltage (An, Djn, R/W, CS) 


V|L 


-1.0 




0.8 


Vdc 


Chip Enable High Voltage 


VCEH 


Vdd - 0.6 




Vdd + 0.6 


Vdc 


Chip Enable Low Voltage 


VCEL 


-1 .0 




0.8 


Vdc 



DC CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current (An, Din, R/W, CS , Preset) 
(Vjn = 0toVQD + 1.0V) 


lin 






10 


mA 


Input Chip Enable Current 
(Vjn = 0toVDD + 10V) 


'ice 






10 


mA 


Output High Voltage 
(Io = -100mA) 


Vqh 


2.4 




Vcc 


Vdc 


Output Low Voltage 
do = 2.0 mA) 


Vol 


Vss 




0.45 


Vdc 


Output Leakage Current 

(Vo = 0.45 V to Vcc, CE = VcEL. or CS= V|h) 


'LO 






10 


mA 


Average Supply Current, Active Mode 
(Tcyc(W) ~ f"'"' 


iqda 




28 


36 


mA 


'CCA 




0.05 


1 .0 


mA 


Ibba 






100 


mA 


Supply Current, Standby Mode 
(CE = 0.45 V) 


idds 




1.0 


20 


ma 


'ccs 






10 


mA 


■bbs 




1.0 


20 





EFFECTIVE CAPACITANCE (Test Circuit of Figure 1 , full operating voltage and temperature rarige, 

periodically sampled rather than 100% tested.) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Capacitance {A„, D|n, R/W, Preset) 


Cin(EFF) 




4.0 


5.0 


pF 


Chip Enable Capacitance 


CCE(EFF) 




25 


30 


pF 


Output Capacitance 


CouttEFF) 




4.0 


5.0 


pF 
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FIGURE 1 - MEASUREMENT OF EFFECTIVE CAPACITANCE 




7 



DUT 



T 



Calibration 
Capacitors 



T 



Effective capacitance is determined by comparing the rise time 
of the voltage waveform at a particular pin to that measured with 
known values of capacitance. Scope calibration points are deter- 
mined by using the rise times obtained with the empty soclcet and 
standard capacitor values as references. 

The device under test (DUT) is inserted into the test socket 
and normal operating power supplies applied. All input pins, 
except that being measured, are grounded. The effective capaci- 
tance of the desired pin can then be read directly from the scope. 



Pin 


R 


input Pulse 


Measurement 
Level 


CE 


67 n 


16 V 


• 12 V 


Input/Output 


100 n 


6.0 V 


4.0 V 



AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 

OPERATING MODES 



Mode 


Control States 


Output 




R/W 


CS 




Active (CE = High) 








Read Only 


H 


L 


Valid 


Read/Write 


H ->L 


L 


Valid 


Write Only 


L 


L 


Valid 


Read Refresh 


H->L 


L^H 


Valid -* Floating 


Refresh Only 


L 


H 


Floating 


Chip Disable (Unselected) 


H 


H 


Floating 


Standby (CE = Low) 


X 


X 


Floating 



X = Don't Care 



RECOMMENDED AC OPERATING CONDITIONS (Read, Write, and Read Modify Write Cycles) 



ParamMar 


Symbol 


Min 


Max 


Unit 


Address Setup Time 


tAS 







ns 


Address Hold Time 


«AH 


60 




ns 


CE Pulse Transition Time 


tf 


10 


100 


ns 


CE Off Time IV1CM6605AL,P/L2,P2 

MCM6605AL1,P1 


tSB 


120 
90 




ns 


Chip Select Delay Time 


tCSD 




70 


ns 


Chip Select Hold Time 


tCSH 







ns 


Read Write Delay Tinne 


tRWD 




70 


ns 


Read Write Hold Time 


tRWH 







ns 


Time Between Refresh 


tREF 




2.0 


ms 
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AC CHARACTERISTICS 
[AH timing with ty = 20 ns; Load = 1 TTL Gate (MC74H00 Series), Cl ° 50 pF (effective)] 



READ CYCLE (RAV = V.u CS = V,, ) 



Characteristic 


Symbol 


IVICIM6605AL,P 


MCM6605AL1,P1 


MCM6605AL2.P2 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Read Cycle Time 


tcyc(R) 


470 




290 




360 




ns 


Chip Enable On Time 


tCE 


310 


2000 


160 


2000 


200 


2000 


ns 


Chip Enable to Output Delay 


tco 




280 




130 




180 


ns 


Read Access Time 


tacc 




300 




150 




200 


ns 



READ CYCLE TIMING 



tcyc(R) 
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WRITE CYCLE (R/W = V|l, CS = V|l) 
REFRESH CYCLE (R/W = V|l. CS = V|h) 



Characteristic 


Symbol 


MCM6605ALJ> 


MCIVI6605AL1^1 


MCM6605AL2P2 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Write Cycle Time 


tcyc(W) 


590 




390 




490 




ns 


Chip Enable On Time 


tCE 


430 


2000 


260 


2000 


330 


2000 


ns 


Read-Write Release Time 


<RWR 


410 


2000 


240 


2000 


310 


2000 


ns 


Write Pulse Width 


tw 


210 




160 




160 




ns 


Read-Write to Chip Enable Separation Time 


tRC 

















ns 


Data Delay Time* 


tDD 




70 




70 




70 


ns 


Data Hold Time 




50 




20 




50 




ns 



"If a write pulse (t\/\/) is employed on the R/W line during a write cycle, then the input data setup time is measured from the 
leading edge of the write pulse. The tQs time is the same as that of the read-modify-write cycle. 



WRITE AND REFRESH CYCLE TIMINQ 




MCM6605AL/L1/L2 • MCIVI6605AP/P1/P2 



READ-MODI FY-WRITE (R/W = Vih-^-Vil, CS = V|l) 
READ REFRESH (See Note 1) 



Characteristic 


Symbol 


MCIVI6605AL,P 




MCM6605AL2,P2 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tcyc(R/W) 


590 




390 




490 




ns 


Chip Enable On Time 


tCE 


430 


2000 


260 


2000 


330 


2000 


ns 


Read-Write Release Time 


<RWR 


410 


2000 


240 


2000 


310 


2000 


ns 


Write Pulse Width 


tw 


210 




160 




160 




ns 


Data Setup Time 


tDS 

















ns 


Data Hold Time 


tQH 


50 




20 




50 




ns 


Read-Write to Chip Enable Separation Time 


tRC 

















ns 


Chip Enable to Output Delay 


tco 




280 




130 




180 


ns 


Read Access Time 


*acc 




300 




150 




200 


ns 



Note 1 : A read refresh cycle is possible by bringing CS high after output data 
is valid and then bringing R W low to the write position. 
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TYPICAL CHARAGTIRISTICS CURVES 



FIGURE 2 - ACCESS TIME versus Vqd FIGURE 3 - ACCESS TIME versus AMBIENT TEMPERATURE 




Vdd, supply VOLTAGE (VOLTS) Ta. AMBIENT TEMPERATURE 
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TYPICAL SUPPLY CURRENT TRANSIENT WAVEFORMS 



FIGURE 8 - CHIP ENABLE VOLTAGE 
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FIGURE 9 - ioD SUPPLY CURRENT 
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FIGURE 10 - ice SUPPLY CURRENT 



































































I 

































































































100 



200 300 
t.TIME (ns) 



400 



500 



FIGURE 11 - Ibb SUPPLY CURRENT 
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FIGURE 12 - Ice supply CURRENT 
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BLOCK DIAGRAM 
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CE- 



-O 7 Data Out 



Vdd = Pin 22 
Vss - 12 

BB ' 



V 



'CC 



= Pin 1 
Pin 1 1 



FUNCTIONAL DESCRIPTION 

The MClVieeOSA 4096-bit dynamic RAIVI uses a three 
transistor storage cell in an inverting cell configuration. 
The single high-level clock (Chip Enable) starts an internal 
three-phase clock generator which controls the read and 
write functions of the device. The 01 signal, which is high 
when CE is low (standby mode), preconditions the nodes 
in the dynamic RAWI in preparation for a memory cycle. 
The (t>2 signal, which comes on as CE goes high, is the read 
control and transfers data from storage onto bit sense 
lines. The 03 signal, which comes after 02 only during a 
write or refresh cycle, transfers data from the bit sense 
lines back into storage. The ^3 signal occurs only if the 
R/W input is low. 

To perform a read cycle, CE is brought high to 
initiate a 02 signal and latch the input addresses. The 
column decoders select one column in each of the four 
storage quadrants (see the block diagram) and transfers 
data from storage onto the 128 bit sense lines. The row 



decoder selects one of these 128 bit sense lines for read 
and write operations. During the <^2 signal, the data on 
this selected bit sense line is Exclusive ORed with the state 
of the appropriate data control cell to supply the correct 
output data. After this data is received by the external 
system, CE may be brought low to the standby position. 
This assumes that the R/W signal is held high to prevent 
an internal 03 being generated. 

To perform a write or refresh operation, CE is brought 
high ^nd everything is identical to a read operation up 
until the 128 bit sense lines are charged with the selected 
columns of stored data. When R/W is brought low (if it is 
not already there), a 03 signal is generated after 02 is over. 
The 03 signal takes the data from the 128 bit sense lines 
and returns it to the 128 storage locations it came from. 
Because of the design of the memory array, this 02-03, 
read-write operation inverts the data. Therefore, one extra 
row of memory cells, called data control cells, is used to 
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keep track of the polarity of stored data in order to be 
able to correctly recover it. During the write operation, 
the input data is Exclusive ORed with these control cells 
before being stored in the array. A refresh cycle does not 
modify any of the bit sense lines, but simply returns the 
data (now inverted) into storage. 

All timing signals for the MCM6605A are specified 
around these operations. The following is a brief descrip- 
tion of the input pins and relevant timing requirements. 

Chip Enable — CE is a single high level clock which ini- 
tiates all memory cycles. CE can remain low as long as 
desired for specific applications as long as the 2.0 ms re- 
fresh requirements are met. 



Chip Select — This signal controls only the I/O buffers. 
When C5 is high, the input is disconnected and the output 

is in the 3-state high-impedance state. A refresh cycle is, 
therefore, a write cycle with OS high. CS has no critical 
timing with respect to any other signal except that there 

is a finite delay between activation and data out. 

Read/Write - When high, R/W inhibits the internal 03 
signal, thereby keeping the memory from writing. When 
R/W is low, a <^3 will occur soon after 02 is finished. For a 
read cycle, R/W should be high within tRWD CE to 
insure that a (p3 does not start. The only timing require- 
ment on the R/W input for writing is a minimum write 
pulse defined as the overlap of CS, CE, and R/W. Refresh 
cycles require that CS be high to inhibit the input buffer 
before a 03 occurs. Thus CS should be high within tcSD 
for a refresh cycle, or before R/W goes low for a read- 
refresh cycle. 

Data In — The input data must be valid for a sufficient 
time to override the data stored on the selected bit sense 
line. It must remain valid for the "write pulse" defined 
under Read/Write. Signals on the Djp pin are. ignored 

when either CS or R/W is high, or CE is low. 

Data Out — Output data is inverted from input data and is 
valid tgcc after CE goes high. The data will remain valid 
as long as CE is high and CS remains low. With either CE 
low or CS high, the output is in a high-impedance state. 
The data output is initially precharged high when CE goes 
high and is then either discharged to ground or left high 
depending on the stored data. This precharging followed 
by valid data occurs regardless of the state of the R/W 
input, making the write cycle actually a read-write cycle. 
The output will also try to precharge during a refresh cycle 
but will be kept at high impedance by the CS being high. 
If CS is originally low and is then brought high (within 
the tcSD specification) the output may start to precharge 
before being cut off and returned to high impedance. 

Addresses — The addresses are latched when CE goes high, 
and may be removed after an appropriate hold time. 

Vss — Circuit ground. 

Vbb — The reverse bias substrate supply. Forward biasing 
this supply with respect to VgS will destroy the memory 

device. 

Vqq — Positive supply voltage. 



Vcc ~ O^^P'Jt buffer supply. This supply goes only to 
the data output buffer and draws current only when 

driving an output load high. 

Preset — This pin should be tied to ground. During device 
testing Preset can be used to preset the data control cells 
to a logic zero. One 200 ns, 1 2 V pulse will set all 32 cells 
simultaneously. Preset has no system use; its only purpose 
is to ensure a good logic level in the control cells after 
first power up. In system use, this good logic level will 
come naturally after the first few refresh cycles. 

APPLICATIONS INFORMATION 
Power Supplies 

The MCM6605A is a dynamic RAM which has essentially 
zero power drain when in the standby (CE low) mode. 
When operating, the Vqq supply may experience transients 
in the order of 100 mA for a short time (Figure 9). The 
Vbb supply, which has very low dc drain while operating, 
may see transients of about 40 mA during the edges of CE. 
Therefore, appropriate bypassing of both supplies is recom- 
mended. This bypassing has been simplified by the location 
of the power supply pins on the corners of the package. 

The Vcc li'^s supplies only the input leakage of a 
TTL load on Data Out and should never exceed about 
100 juA, presenting little bypassing requirement. 

Power dissipation for a system of N chips is much 
lower than N times the 335 mW typical dissipation for a 
full speed operating chip. This is because the unselected 
rows in a memory array card are operating in the standby 
mode of near zero dissipation. This zero standby power is 
actually unachievable because of the requirements for 
refresh. Therefore, power dissipation for an array of 
N X M chips operating at ti cycle time, tRgp refresh 
increment, and maximum CE down time between cycles is: 

/490ns\ / 15 7 \ 

PD=*=IVI )335mW+ (N-1) (M) )335mW 

\ t-) ns / ^tREP /is' 

For a 550-ns-cycle-time, 64 k by 16 system (16 by 16 
chip array) with refresh at 2.0 ms, the approximate power 

dissipation is: 

« 4775 mW -i- 630 mW = 5.4 W 

A similar one megabyte system, eight bytes wide, would 
have a dissipation of only 24 W. If the low standby 
power capability were not used, over 600 W would 
be dissipated. 

Refresh 

The MCM6605A is refreshed by performing a refresh (or 
write) cycle on each of the 32 combinations of the least 
significant address bits (A0-A4) within a 2.0 ms time 
period. (A5-A11 must remain constant at proper logic 
levels.) This refresh can be done in a burst mode (32 cycles 
starting every 2.0 ms) or in a distributed rrtode where one 
cycle is done every 62.5 /is. 
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A refresh abort can be accomplished by treating a 
refresh cycle as a read-modify-write cycle with CS high. 
This type of cycle can be aborted any time until the R/W 
signal has been brought low to allow a ^3 clock to begin. 

Non-Volatile Storage 

In many digital systems, it is extremely important to 
retain data during emergencies such as power failure. 
Unfortunately, however, most random access read/write 
semiconductor memories such as the MCM6605A are 
volatile. That is, if power is removed from the semicon- 
ductor memory, stored information is lost. Therefore, 
non-volatility for a specified period of time becomes highly 
desirable — as a necessity to maintain irreplaceable Infor- 
mation or as a convenience to avoid the time consuming 
and troublesome task of having to reload the memory. 

The extremely low standby power dissipation of the 
MCM6605A makes it ideal for main memory applications 
requiring battery backup for non-volatility. For example, 
the MCM6605A can be employed in an 8K byte non- 
volatile main memory system application for micropro- 
cessors. The memory system can be partitioned into three 
major sections as illustrated in Figure 13. The first section 
contains the address buffers and the Read/Write and Chip 
Select decoding logic. The second section consists of the 



data bus buffering transceivers and the memory, array 
(which consists of 16 MCM6605As) organized into two 
rows of 4K bytes each. 

The third section of the block diagram comprises 
refresh and control logic for the memory system. This 
logic interfaces the timing of the refresh handshaking with 
the microprocessor (MRU) clock circuitry. It handles 
requests for refresh, the generation of refresh addresses, 
the synchronization of a Power Fail signal, the multiplexing 
of the external Memory Clock with the Internal clock 
(used during standby), and the generation of a -5 V supply 
on the board using a charge-pump method. 

The refresh control logic is illustrated in Figure 14. It 
handles the refreshing of the memory during both operating 
and standby modes. The timing for this logic is given In 
Figure 15. Figure 16 gives the memory timing for the 
standby mode only. Decoding of the memory clock (CEa 
and CEq) and the circuitry to synchronize the Power Fail 
signal are shown in Figure 17, with the timing given in 
Figure 18. 

The memory device clock (CEa and CEb) during stand- 
by is created by a monostable multivibrator (MC14528) 

and buffered from the memory array by three MC14503 
buffers in parallel. This clock Is multiplexed with the 
Memory Clock by of the three-state feature of the 



FIGURE 13 - NON-VOLATILE MEMORY SYSTEM BLOCK DIAGRAM 
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MC14503. The Memory Clock (used during normal opera- 
tion) is translated to 1 2 V levels by use of an MC3460 
Clock Driver. Decoding of the CE/\ and CEb signals (i.e., 
clocking only the memory bank addressed) to conserve 
power is accomplished by the logic within the MC3460. 

Since the Power Fail signal will occur asynchronously 
with both the Memory Clock and the refreshing operation 
(Refresh Clock), it is necessary to synchronize the Power 
Fail signal to the rest of the system in order to avoid 
aborting a memory access cycle or a refresh cycle. An 
MC14027 dual flip-flop is used as the basic synchronization 
device. The leading edge of the Refresh Clock triggers a 
3 lis monostable multivibrator which is used as a refresh 
pretrigger. The trailing edge of this pretrigger triggers a 
500 ns monostable which creates the CE pulse during 
standby operation. The 3 ^is pretrigger signal is used to 
set half of the MCI 4027 flip-flop, the output of which, 
(b), then inhibits a changeover from the standby to the 
operating modes (or vice versa). This logic prevents 
the system from aborting a refresh cycle should the Power 



Fail signal change states just prior to or during a refresh 
cycle. The trailing edge of the 500 ns monostable clears 
the MC14Q27 flip-flop, enabling the second flip-flop in the 
package. The state of Power Fail and Power Fail is applied 
to the K and J inputs of this second flip-flop and is syn- 
chronized by clocking with Memory Clock. The outputs 
of this flip-flop, labeled Bat and Bat, lock the system into 
the refresh mode and multiplex in the internal clock for 
standby operation when Bat = "1". The voltage to logic 
not required for the refresh only mode of operation is 
removed to conserve power. 

By using CMOS for the refresh logic and capacitance 
drivers, and a low current refresh oscillator, the standby 
current required for the 8K byte system is extremely 
small, as noted in Table ,1. This low standby current 
requirement can be easily supplied for several days with 
standard type -^12 V batteries. For more detailed informa- 
tion on this sytem and a large mainframe memory system, 
see Application Notes AN-732 and AN-740. 



FIGURE 14- REFRESH CONTROL LOGIC 
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FIGURE 15 - REFRESH TIMING 
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FIGURE 16 - MEMORY TIMING IN STANDBY MODE 
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FIGURE 17 - POWER FAIL LOGIC AND CHIP ENABLE DRIVER 
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FIGURE 18 - POWER UP/DOWN SYNCHRONIZATION 
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TABLE 1 - STANDBY MODE CURRENT ALLOCATION 



Circuit Section 


Typical Current 


+ 12 V Current (Vqd) for 16 MCM6605A's 


5 mA 


Charge Pump 


3 mA 


Comparator 


2 mA 


Capacitance Drivers 


4 mA 


Total 


14 mA 



Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 
is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 



PACKAGE DIMENSIONS 





22 




12 

11 


t 

L 

1 


1 


-« A — 






DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


27.05 


27.94 


1.065 


1,100 


C 


2.16 


3.68 


0.086 


0.145 


D 


0.43 


0.58 


0.017 


0.023 


F 


1.02 REF 


0.040 REF 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.45 


0.125 


0.175 


L 


9.65 


10.67 


0.380 


0.420 


M 




7° 




7" 


N 


0.64 


1.27 


0.025 


0.050 



NOTES: 

1. LEADSWITHIN0.13mm(0.005) 
RADIUS OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

2. DIMENSION -L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 



CERAMIC PACKAGE 
CASE 677-03 



U U U U U U U U ij u u 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


28.83 


29.69 


1.135 


1.165 


B 


8.64 


9.14 


0.340 


0.360 


C 


4.57 


5.08 


0.180 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.41 


2.67 


0.095 


0.106 


H 


1.78 


2.03 


0.070 


0.080 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


L 


9.65 


10.16 


0.380 


0.400 


M 


0" 


10° 


OO 


10" 


N 


0.51 


1.02 


0.02Q 


0.040 



PLASTIC PACKAGE 
CASE 708-01 
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MPU CLOCK BUFFER 

The MPQ6842 is designed to provide the switching speed and 
saturation voltages necessary in the clock circuit for the 01 and 02 
inputs of the MC6800 IVIicroprocessor. 



MPU CLOCK BUFFER 




CONNECTION DIAGRAM 
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MAXIMUM RATINGS 



Rating 



Collector-Emitter Voltage 



Collector-Base Voltage 



Emitter-Base Voltage 



Collector Current — Continuous 



Symbol 



VCEO 



VCB 



Veb 



ic 



Total Povuer Dissipation (a) Ta= 25°C (1) 
Derate above 25°C 



Total Power Dissipation @T(; = 25*'C 
Derate above 25°C 



Operating and Storage Junction 
Temperature Range 



Pd 



Tj.T 



stg 



Value 



30 



30 



4.0 



200 



Each 
Transistor 



500 
4.0 



825 

6.7 



Four 
Transistors 
Equal Power 



900 
7.2 



2400 
19.2 



-55 to +150 



Unit 



Vdc 



Vdc 



Vdc 



mAdc 



mW 
mW/°C 



mW 
mW/°C 



OC 



! 1 ) Second Breakdown occurs at power levels greater than 3 times the power dissipation 
rating. 

THERMAL CHARACTERISTICS 







Junction to 


JufK^ion to 




Characteristic 


Case 


Ambient 


Unit 


Thermal Resistance 


Each Die 


151 


250 


°C/W 




Effective, 4 Die 


52 


139 


°c/w 


Coupling Factors 


Q1-Q4 or Q2-Q3 


34 


70 


% 




Q1-Q2 orQ3-Q4 


2.0 


26 


% 



A A A A A A A 

7 1 

o 



V V V V V V V 

• A 



I— p 





SEATING IK 
PLANE 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


18.16 


18.80 


0.715 


0.740 


B 


6.10 


6.60 


0.240 


0.260 


C 


4.06 


4.57 


0.160 


0.180 


D 


0.38 


0.51 


0.015 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.32 


1.83 


0.052 


0.072 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.92 


3.43 


0.115 


0.135 


L 


7.37 


7.87 


0.290 


0.310 


M 




10° 




10° 


N 


0.51 


1.02 


0.020 


0.040 


P 


0.13 


0.38 


aoo5 


0.015 


Q 


0.51 


0.76 


0.020 


0.030 



NOTES: 
1 



LEADS WITHIN 0.13 mm 
(0.0051 RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIALCONDITION. 



DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 



CASE 646 
PLASTIC PACKAGE 
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THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 



In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATji = Rei Pdi +R92 '<e2PD2 + Rd3 KflaPoa 

+ Re4 Kq4 Pd4 

Where ATji Is the change in junction temperature of die 1 
Rgi thru 4 is the thermal resistance of die 1 through 4 
PqI thru 4 Is the power dissipation In die 1 through 4 
K92 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective paclcage thermal resistance can be defined as 
follows: 

(2) R9(EFF) = '^Tji/Pdt 

Where: Pqt total package power dissipation. 



Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = Rfli (Pdi + Kfl2PD2 + K^a Pd3 + Ke4 Pd4) 

For the conditions where Pqi = Pq2 ~ ^03 ~ ^DA' ^DT ~ ^D- 
equation (3) can be further simplified and by substituting into 

equation (2) results In 

W) Re(EFF) = Rei d + K02 + Ke3 + Ke4) /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1 . If 
significant power is to be dissipated in two die, die at the apposite 
ends of the package should be used so that lowest possible Junction 
temperatures will result. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted ) 



1 Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage '1' 
dC = lOmAdc, Ib = 0) 


BVcEO 


30 






Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 


BVcBO 


30 






Vdc 


Emitter-Base Breakdown Voltage 
(lE=10MAdc, lc = 0) 


BVebO 


4.0 






Vdc 


Collector Cutoff Current 

(VcB = 20 Vdc, Ie = 0) 


ICBO 






50 


nAdc 


Emitter Cutoff Current 
(Veb = 3.0 Vdc, lc = 0) 


Iebo 






50 


nAdc 


ON CHARACTERISTIGSd) 








< 




DC Current Gain 

dc = 0.5 mAdc, Vqe = 1 Vdc) 
(IC= 1.0 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 1 Vdc) 


hpE 


30 
50 
70 








Collector-Emitter Saturation Voltage 

dc = 0.5 mAdc, Ib = 0.05 mAdc, 0°C < T < 70°C) 


VcE(sat) 




0.05 


0.15 


Vdc 


Base-Emitter Saturation Voltage 

dc = 0.5 mAdc, Ig = 0.05 mAdc) 


VBE(sat) 




0.65 


0.9 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product'^ 

dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


fT 


200 


350 




MHz 


Output Capacitance 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 


Cob 




3.0 


4.5 


pF 


Input Capacitance 

(VEB = 0.5Vdc, lc = 0, f = lOOkHz) PNP 

NPN 


Cib 




5.0 
4.0 


10 
8.0 


pF 


SWITCHING CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 Vdc) 


Propagation Delay Time 
(50% Points TP1 to TPS) 
(50% Points TP2 to TP4) 


tPLH 
tPHL 




15 

6.0 


25 
15 


ns 


Rise Time 

(0.3 V to 4.7 V, TP3 or TP4) 


tr 


5.0 


25 


35 


ns 


Fall Time 

(4.7 V to 0.3 V, TP3 or TP4) 


tf 


5.0 


10 


20 


ns 



(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 
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FIGURE 3 - TEMPERATURE COEFFICIENTS 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 5 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 
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NOTES: 

1. Unless otherwise noted, all resistors 
carbon coinposition % W ±5%, all 
capacitors dipped mica ±2%. 

2. Use short interconnect wiring with 
good power and ground busses. 

3. TP1 thru TP4 are coaxial connectors to 
accept scope probe tip and provide a 
good ground. 

4. Device under test is MPQ6842. 

5. 160 pF load does not include stray 
or scope probe capacitance. 

6. Scope probe resistance > 5 kSl. 
Scope probe capacitance < 10 pF. 
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APPLICATIONS INFORMATION 



Figure 6 is a summary of the MC6800 Microprocessor 
clock waveform requirements. The 01 and 02 clock inputs 
require complementary 1 IVlHz, 5 volt non-overlapping 
clocks. The clock inputs of the MPU appear primarily 
capacitive, being 120 pF typical and 160 pF maximum 
with 100 nAdc leakage. Provision is made in the specifica- 
tion for the undershoot and overshoot that will result from 
the generation of a high speed transition into a capacitive 
load. 

The clock specifications which constrain the clock 
driver are the rise and fall times required to meet the 
pulse widths at the maximum operating frequency of 
1 MHz, the non-overlapping requirement, the logic level 
requirements of Vss + 0.3 volt and Vcc ~ 0-3 volt, the 



overshoot specification, and the MPU input capacitance. 
The clock buffer circuit that drives the MPU clock inputs 
must be designed to meet the rise and fall time require- 
ments as well as provide the proper logic levels into the 
load capacitance, within the overshoot constraints. The 
non-overlapping requirements of the clock signal can be 
met by the design of the control logic which drives the 
buffers. The MPQ6842 clock buffer can guarantee the 
clock designer the speed and saturation voltages necessary 
to design the clock circuit to meet the MPU clock 
requirements. 

Figure 7 is a circuit designed with TTL logic devices and 
the MPQ6842 buffer to meet the MPU clock requirements 
while operating from a single -h5 volt supply. The oscillator 



FIGURE 6 - MPU CLOCK SPECIFICATION 



4>1 



Overshoot 



<t>2 \Vo' 



. PW0H — H — 

jfViLC 



ov 




Vos 



Vqv = Vss + 0.5 V = Clock Overlap 

measurement point 



ELECTRICAL CHARACTERISTICS (Vpc ° 5.0 V ± 5%, Vss = 0, Ta = to 70°C unless otherwise noted.) 



Vos 

V||_cmax 



Vos 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 01,02 


V|HC 


Vcc-0.3 




Vcc +0.1 


Vdc 


Input Low Voltage 01,02 


V|LC 


Vss-0.1 




Vss + 0.3 


Vdc 


Clock Overshoot/Undershoot — Input High Level 
— Input Low Level 


Vos 


Vcc-0-5 
Vss-0.5 




Vcc+0-5 
Vss + 0.5 


Vdc 


Input Leakage Current 01,02 
(Vjn = to 5.25 V, VqC = V> 


■in 






100 


#iAdc 


Capacitance * 

( V|n = 0, Ta = 25°C , f = 1 .0 MHz) 




80 


120 


160 


pF 


Frequency of Operation 


f 


0.1 




1.0 


MHz 


Clock Timing 
Cycle Time 
Clock Pulse Width 

(Measured at Vqc - 0.3 V) 01 

02 

Total 01 and 02 Up Time 

Rise and Fall Times 01,02 
(Measured between Vcg + 0.3 V and Vqc - 0.3 V) 

Dealy Time or Clock Separation 

(Measured at Vqv = Vss + 0.5 V) 
Overshoot Duration 


^cyc 


1.0 




10 


MS 


PW^H 


430 
450 




4500 
4500 


ns 


tut 


940 






ns 


'0r- t0f 


5.0 




50 


ns 


td 







9100 


ns 


tos 







40 


ns 



'Capacitances are periodically sampled rather than 100% tested. 

#For further information on M6800 system usage, refer to the M6800 Applications Manual. 
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can be any source with a maximum frequency of 1 MHz, 
TTL logic levels and a 50% duty cycle. This oscillator 

signal source could vary from a commercial oscillator, 
such as a K1100A available from Motorola's Component 
Products Department,! to a signal derived from a higher 
frequency signal already available in the system. The 
TTL gates shown are standard MC3000 and MC3001 
(74H00 and 74H08) gates which were chosen for their 
speed and drive characteristics. The discrete buffers require 
good "1" level pullup and drive capability which is pro- 
vided by the MC3001. The circuit was constructed on a 
wirewrap board and tested on an EXORciser.2 Good 
power and ground distribution practice was followed but 
no special care was taken in parts layout. 



Waveforms typical of the circuit in Figure 7 are shown 
in Figures 8a and 8b, with Ta = 20°C and Vqc = 5.0 

volts. These figures depict the logic levels and pulse widths 
achieved by this circuitry with Vqc and Ground as refer- 
ence levels. Figure 8c superimposes the two clock wave- 
forms so that their phase relationship can be seen. 
Figure 8d shows the phase relationship of Bus 02 and 
MPU 02. Figures 8e and 8f examine the non-overlap 
regions as well as rise and fall times typical of this clock 
driver circuit. Table 1 presents test data taken over a 
voltage range of 4.75 volts to 5.25 volts and over a 
temperature range of 0°C to 70°C. Note the stability of 
these measured parameters, and that the logic levels 
achieved will provide noise margin on the system clocks. 



FIGURE 7 - MPU CLOCK CIRCUIT 



+ 5 V 



Oscillator 
K1100A 



1 MHz 

50 ± 2% Duty Cycle (74H00) 



'4 '/a 
MC3000 MC3000 MC3001 



(74H08) 



Unless, otherwise noted: 

All resistors are carbon composition >4W, +E 
All capacitors are dipped mica 12% 



54 

MC3001 




+ 5 V 



r 



0.1 MF Ceramic— 33pF^1k 



Va IV1C3000 

-a:> 




1/4 MPQ6842 



MPU 02 and 
DBE 



1/4 IVIPQ6842 



Bus 02 



1. 2553 N. Edgington, Franlclin Park, Illinois 60131, (312) 451-1000. 

2. A prototyping system for the M6800 family. 
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CLOCK CIRCUIT WAVEFORMS 
(Using Circuit of Figure 7) 



FIGURE Ba - MPU 01 CLOCK 



FIGURE 8b - MPU <p2 CLOCK 
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FIGURE 8c - MPU 01 AND 02 CLOCKS 



FIGURE 8d - MPU 02 CLOCK AND BUS 02 
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FIGURE 8e - MPU CLOCK NONOVERLAP REGION 

01 to 02 
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FIGURE 8f - MPU CLOCK NON-OVERLAP REGION 

02 to 01 
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Both 01 and (p2 clock high times were designed to be 
15-30 ns wider than the minimum required by the MPU 
(01 = 430 ns, 02 = 450 ns) to provide system margin. 
Rise and fall times were minimized to provide maximum 
clock high times consistent with non-critical circuit layout 
considerations. The overlap margin shown easily meets the 
MPU requirement of ns at 0.5 volt but will decrease as 
the capacitive loading increases, as shown in Table 1. The 
MPU tested for this data had a typical clock input capaci- 
tance of 120 pF. 

In many systems, especially in the breadboard and 
evaluation stage, it may be desirable to have the flexi- 
bility to vary the system clock to test the effects on data 
throughput, real time operation with interrupts, or to help 
diagnose a system timing problem. In these applications, 
or in those not requiring crystal oscillator stability, an 
even simpler clock circuit can be used. A pair of cross 
coupled monostable multivibrators with individual pulse 
width adjustments can be used as the clock oscillator with 
the previously described clock buffer circuit. This approach 
Is shown in Figure 9. The non-overlapping clock is generated 
by the propagation delays through the monostable multi- 
vibrators. Figures 10a — lOd show waveforms resulting 
from this circuit. Table 2 shows test data taken of this 



circuit over the voltage and temperature range. Note the 
small variations in the pulse widths. 

The fast rise and fall times produced by this circuitry 
and the highly capacitive loads require some care in layout 
to avoid excessive ringing and/or pulse distortion. While no 
particular care was taken in the construction of the wire- 
wrap test boards other than placing all of the discrete 
devices into one header board, the following construction 
guidelines are recommended. Wide power and ground 
lines (50-100 mils) should be used to provide low im- 
pedance voltage and ground sources. The clock driver 
should be physically located as near the MPU as possible 
to avoid ringing down long lines. Close proximity of the 
clock circuitry to the MPU allows common power and 
ground connections so that any noise appears common 
mode rather than differential to the MPU and clock driver. 
Finally, it is recommended that the MPU 02 clock signal 
not be used to clock any device other than the MPU so 
that it is not distributed all over the system with the 
possibility of picking up noise and causing reflections. 
The circuits shown provide an additional buffer for the 
other 02 loads in the system to isolate MPU 02 from 
all the other 02 loads. 



TABLE 1 - PERFORMANCE OF CIRCUIT OF FIGURE 7 
(C|_ = 120 pF unless otherwise noted.) 





MPU 01 


MPU 02 


Non-Ovariap Region 


Test Conditions 


PW 


tr 


tf 


"1" LL* 


"0" LL* 


PW 


tr 


tf 


"1" LL* 


"0" LL* 


01 J. to 02t 


02ito 0lt 


T = 20*C 


























Vcc = 4.75 V 


460 ns 


15 ns 


10 ns 


4.75 V 


0.1 V 


465 ns 


15 ns 


10.5 ns 


4.75 V 


V 


10.5 ns 


12 ns 


Vcc = 5.00 V 


460 


16 


11 


5.00 


0.1 


465 


16 


10 


5.00 





10 


11 


Vcc = 5.25 V 


460 


16 


11 


5.25 


0.1 


465 


16 


11 


5.25 





9.5 


10.5 


Vcc = 5.00 V, 
(Cl = 210pF) 


450 


21 


15.5 


5.00 


0.1 


460 


22 


15 


5.00 





2 


S3 


T = 70°C 


























Vcc = ^-75 V 


460 


15 


12 


4.75 


0.1 


465 


16 


12 


4.75 





9 


10.5 


Vcc = 5.00 V 


460 


16 


12 


5.00 


0.1 


465 


17 


12 


4.75 





8.5 


10 


Vcc = 5.25 V 


455 


17 


12.5 


5.25 


0.1 


465 


17 


13 


5.25 





8 


9 


T = 0°C 


























Vcc = 4.75 V 


460 


14 


10 


4.75 


0.1 


465 


15 


10.5 


4.75 





11 


12 


Vcc = 5.00 V 


460 


15 


10 


5.00 


0,1 


465 


15 


10 


5.00 





10.5 


11.5 


Vcc = 5.25 V 


460 


15 


10.5 


5.25 


0.1 


465 


15 


10 


5.25 





10 


10.5 



*Resolution of this measurement «s ±50 mV 
LEGEND: 

PW: Pulse width measured at Vcc ~ 0.3 V "0" LL: Zero logic level 

tf: Rise time measured from 0.3 V to Vcc — 0.3 V "1" LL: One logic level 

tf : Fall time measured from Vcc — 0-3 V to 0.3 V Non-Overlap: Measured from OS volt levels 
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FIGURE 9 - MONOSTABLE CLOCK GENERATOR 



+ 5 V +5 V 

01 L 

lOOpF 



11 k 1% 



in 



T1 T2 



=3= 



IVIC8602 




1 1 k 19 




C Q 



Enable or Bus 02 



1/3MC7404 +5 V 

33 pF 



Unless otherwise noted: 

All resistors are carbon composition '^W, ±5% 
All capacitors are dipped mica ±2% 
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+ 5 V 



4.7 k 



68 pF 



10 k 




MPU 01 



1 /4 M P Q6842 



+5 V 



+ 5 V 




33 pF 
470 ^ ^ |_ Si k 



4.7 k 



68 pF 
10 k 



0.1 fiF Ceramic 



1/4 MPQ6842 



MPU 02 and 
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TABLE 2 - PERFORMANCE OF CIRCUIT OF FIGURE 9 





MPU 01 


MPU <P2 


Non-Overlap Region 


Test Conditions 


PW 


tr 


tf 


"I" LL* 


"0" LL* 


PW 


tr 


tf 


"1" LL* 


"0" LL* 


0l4,to02t 


02 4. to 'Alt 


T = 20°C 


























Vcc =4.75 V 


470 ns 


11 ns 


115ns 


4.75 V 


0.1 V 


450 ns 


12 ns 


12 ns 


4.75 V 


V 


12 ns 


11 ns 


Vcc = 5.00 V 


470 


12.5 


13 


5.00 


0.1 


460 


13 


12.5 


5.00 





11 


9.5 


Vcc = 5.25 V 


470 


13 


12 


5.25 


0.1 


460 


13.5 


12.5 


5.25 





10 


9 


T = 70°C 


























Vcc = 4.75 V 


455 


12.5 


13.5 


4.75 


0.1 


450 


13 


13 


4.75 





11 


10 


Vcc = 5.00 V 


455 


13 


14 


5.00 


0.1 


450 


14 


14 


5.00 





10 


9 


Vcc = 5.25 V 


455 


13 


14.5 


5.25 


0.1 


450 


14 


14 


5.25 





8.5 


7 


T = 0°C 


























Vcc = 4.75 V 


473 


12 


12 


4.75 


0.1 


470 


12 


12 


4.75 





11 


11 


Vcc = 5.00 V 


475 


12 


12 


5.00 


0.1 


470 


12.5 


12 


5.00 





9 


11 


Vcc = 5.25 V 


476 


12.5 


12.5 


5.25 


0.05 


473 


12.5 


12 


5.25 





9 


8 



"Resolution of th 
LEGEND; PW: 

tf: 



IS measurement ±50 mV 

Pulse width measured at Vcc - 0.3 V "0" LL: 

Rise time measured from 0.3 V to Vcc — 0-3 V "1 " LL: 

Fall time measured from Vcc ~" 0.3 V to 0.3 V Non-Overlap: 



Zero logic level 
One logic level 

Measured from 0.5 volt points 
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CLOCK CIRCUIT WAVEFORMS 
(Using Circuit of Figure 9) 



FIGURE 10a - MPU CLOCK 



FIGURE 10b - MPU 02 CLOCK AND BUS 02 
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FIGURE 10c - MPU CLOCK NON-OVERLAP REGION FIGURE lOd - MPU CLOCK NON-OVERLAP REGION 
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5 ns/DIV 5 ns/DIV 



CLOCK CIRCUITRY FOR SLOW AND DYNAMIC 
MEMORIES 

The circuitry to modify the clock signals to Interface 
the MC6800 with dynamic (e.g., MCM6605) and slow 

memories can be evolved from the clock circuitry described 
previously. Figure 11 expands the clock circuit of Fig- 
ure 7 (which has a crystal stabilized source) to include 
interface signals for dynamic ( Refresh Request and Refresh 
Grant) and slow memories (Memory Ready). Note that the 
only extra parts required are an MC7479 dual latch, an 
MC7404 hex inverter, and a pair of 10 k ohm pullup 
resistors. The state of Refresh Request is sampled during 
the leading edge of (^1 and, if it is low, the 01 and <p2 
clocks to the MPU are held in the high and low states 
respectively for at least one full clock cycle. A high 
Refresh Grant signal is issued to indicate to the dynamic 
memory system that this cycle is a refresh cycle. Upon 
receipt of the Refresh Grant signal, the memory system 




controller sets Refresh Request back high; this is clocked 
through on the next leading edge of 01, thereby restoring 
the system to normal operation. The Memory Ready line 
is sampled on the leading edge of 02 and, if low, the 
MPU 01 and 02 clocks are held in the low and high states, 
respectively. The clocks will be held in these states until 
the Memory Ready line is brought high by the slow 
memory controller, allowing the slow memory controller 
to determine the amount by which 02 is stretched. Fig- 
ures 12a and 12b show the effect of Refresh Request and 
Memory Ready signals on the MPU clocks. Note that 
the Refresh Request signal is asynchronous with the MPU 
clocks as it is generated by the refresh oscillator In the 
dynamic memory controller. Figures 13a and 13b show 
the phase relationship between MPU 02, Bus 02 and 
Dynamic Memory Clock. Note that Bus 02 and MPU 02 
are in phase and that the Dynamic Memory Clock leads 
MPU 02 to . help offset delays added by the memory 

■ .<*«eMBR«jefis inc. 
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system controller in decoding and level shifting this signal 
onto the memory array. 

The circuit in Figure 14 shows how the Memory Ready 
capability can be added to the cross-coupled monostable 
clock generator of Figure 9. The Memory Ready feature is 



incorporated into this circuit by switching in or out of the 
ip2 pulse width generator an additional timing resistor. By 
selection of the timing resistors for 01 and 02, all com- 
binations of 01, 02, and stretched 02 pulse width can 
be generated. 



FIGURE 11 - MPU CLOCK CIRCUITRY WITH INTERFACE FOR SLOW AND DYNAMIC MEMORY 
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FIGURE 12a - MPU CLOCKS, REFRESH 

REQUEST, AND REFRESH GRANT 
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FIGURE 12b - MPU CLOCKS AND MEMORY READY 
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FIGURE 13a - DYNAMIC MEMORY 
CLOCK AND MPU 02 



FIGURE 13b - BUS <P2 AND MPU <p2 
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FIGURE 14 - MONOSTABLE CLOCK GENERATOR WITH MEMORY READY 
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24 AND 40-LEAD 
PLASTIC PACKAGE DIMENSIONS 



CASE 709-01 





DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


31.37 


32.13 


1.236 


1.265 


B 


13.72 


14.22 


0.S40 


0.560 


C 


4.57 


5.08 


0.180 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.41 


2.67 


0.095 


0.105 


H 


1.78 


2.03 


0.070 


0.080 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


t 


14.73 


15.24 


0.580 


0.600 


M 


0° 


10° 


0° 


10° 


N 


0.51 


1.02 


0.020 


0.040 



^1— 



NOTES: 

1. LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA 
AT SEATING PLANE AT 
MAXIMUM MATERIAL CON- 
DITION. {DIM. "D") 
Z DIM "L" TO CENTER OF 
LEADSWHEN FORMED 
PARALLEL. 




CASE 711-01 




PLANE 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


61.82 


52.32 


2.040 


2.060 


B 


13.72 


14.22 


0.540 


0.56C 


C 


4.57 


5.08 


0.180 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.41 


2.67 


0.095 


0.106 


H 


1.65 


2.16 


0.066 


0.086 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.68 


4.19 


0.145 
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L 


14.99 


15.49 


0.590 


0.610 


M 


0° 


10° 


0" 


10° 


N 


0.51 


1.02 


0.020 


0.040 



The information in this document has been carefully checked and is believed to 
be reliable; however, no responsibility is assumed for inaccuracies. Furthermore, 
this information does not convey to the purchaser of microelectronic devices any 
license under the patent right of any manufacturer. 165 



